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INTRODUCTION AND HISTORICAL

In 1940, Waksman (1) succeeded 1n isolating the
first true antiblotic produced by Actinomyces (now Strepto—

myces) antibloticus. This antibilotic was called actinomycin
A. It was crystallized as a red—pigmented substance possess—
ing high actlvlity against many Gram—positive bacteria; but,
it was somewhat less active against fungi and Gram—negative
bacteria. To experimental anlimals the antiblotic was highly
toxic, doses of 0.5 to 1.0 mg./kg. of body welght being
lethal. However, the recognitlon of the cytostatic prop—
ertles of the actinomycins aroused interest in their
potential anticancer activities (2).

Since the discovery by Waksman (i), various actino—
mycins have been produced. An example is the actinomycin C

mixture isolated from Streptomyces chrysomallus (3). Brock—

mann has shown that the mixture consisted of three different
actinomyeins (Cq, Cp, and C3), which differed only in the
polypeptide portion of the molecule (L4,5).

The elucidatlon of the structures of the actinomy-—
cins was started by Brockmann on actinomycin 03, and in
1956 he and his coworkers established via a degradation
scheme that the structure, I, of this antiblotic contained
the chromophore of 2-~amino-l},6~dimethyl~3—oxo~phenoxazine—
1,9—-d1lcarboxylic acld which was attached by an amide linkage
to a polypeptide, L—-threonyl-D-allolsoleucyl-I—prolylsarcosyl—
L~N-methylvaline, cyclized by lactone formation between the
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terminal carboxyl group of valine and the hydroxyl group of
the threonyl fragment. This structural assignmeht was sub-

stantisted by 1its successful synthesis (5).

?HB CHy
CH.,—CH HL—CH
3 | 3
0=Cem———~CH ('}H————C=O
|
NCH, CH.N
3 T3]
0=0 0=?
|
CH
CH
2k
NCH
R
c=0 =C | -
CH CH
N L 3
CHp C=0 _I CH,,
CH—CH ?H—-?H
HN CH -
CH3 Il\IH | 3
C=0 =?
|
O—~CH—CH ?H—-?H-O
T NE CH
N o
C=0 0=C
N A 2
0 \| 0
H3 CH3~
I
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I 7
HeMeVal(L)H.MoVal(L)
0
[Q] Sar.OH Sar.0H I
VI | Cl—C—O—CH20H3
L—Tro I~Pro > I
D—=Aileu D—?ileu
|
— I—-Thre I~Thre

(l}=0 (l}=0
NH
N\ 2
0 =0
: CH3 CH3
VII

In 1956, Schmidt—Kastner (6) introduced sarcosine

to a Streptomyces strain which normally gave only actino—

mycin C3. Now actinomycin C plus several new actinomycins
in which sarcosine was incorporated at abnormal positions in
the polypeptide portion of the molecule were produced.
Several abnormal amino aclds havs also been incorporated
into the polypeptide portion of actinomycins by introducing
the abnormal amino acid directly into the culture medium.
In none of these cases, however, can a control of the rela-
tive position of iIntroduction of the amlno acids be achleved.
The blosynthetlic origin of the heterocyclic portion
of actinomycin was suggested by Katz (7) to be tryptophan
(VIII). He postulated that Streptomyces antibiloticus

metabolized tryptophan(VIII) via kynurenine (IX) and 3-—
hydroxykynurenina (X) to 3-hydroxyanthranilic acid(XI), which

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



then undergoes methylation by methionine(XII) at the L-—
position to yieid the 3-hydroxy-li—methylanthranilic acid
(XIII). As suggested by Brockmann (5), XIII was postulated
to undergo self condensation to give the 2—amino-,6b-—

dimethyl—3~oxo~phenoxazine~l,9—dicarboxylic acid(XIV).

i :
. Cﬁg?HCOQH _.C-CHa?H002H
I| B NH
N
H X
VIII l
H i
NH 5 IR
- 2 el 2
OH OH
XI X
P
CH3S(CH2)ZCHCOZH
XII
0 0
N I ‘ Il
HO~C C—-0H
O .
I NS NH,,
o ' C=-0H ______>
Ny
eyl -V, _ 0 0
- CH CHy
XIIT XI1v
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From studles on the blological mechenism of action
of actinomycin D (10,11,12), it was concluded that actino—
mycins having appropriate structural features bind tightly,
but reversibly, to DNA. The bound DNA can no longer serve
as a template for the synthesls of RNA, therseby terminating
RNA and consequently, proteln syntheses.,

Clinically, the most publicized of the actinomycins,
actinomycin D, (replacement of two moleculas of-D—alloiso—
leucine by two molecules of L—valiﬁe in Structure 1), was
found to cause regression of two childhood neoplasms, Wilms!'
tumor and embryonal rhabdomyosarcoma, and also to show
modest effects in Hodgkin's diseasse (9).

The chemical and pharmacologlical interest in actino-—
mycins suggested the Importance of & project of syntheses of
compounds containing the two typas of systems found in the
actinomycins, that 1is, a heterocyclle nucleus and a poly-—
peptide system. Consequently, since their discovery, much
interest has been shown in the synthesis of actlnomycin
analogs In an attempt to reduce tha toxlcity, while retain-—
ing the antlblotic sasctivity.

Brockmuann prepared the flrst analogs of actinomycins
by modification of the substlituents on the heterocyclic ring
in the natural product by chemical msans. For example, re-

placement of the 2-smino group with chloride by the reaction
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of the natural product with hydrochloric acid gave the
desamino actinomycin(XVII). XVII on reaction with thionyl

chloride was converted to the chloro actinomycin, XVIIIL,

feptide feptide Peptide Peptide
C=0 ?=o
BN Mo HC1
—=)
0 P CH
CH
CH3 3 3
XVII

lSOCl2

Peptide Peptide

duss

XVIII
Modiflcation of the heterocyclic portion of actino-

mycins would be expected to be difficult by biologlcal syn—
thesls since the bacteria would probably not incorporate new
heterocyclic aclds into the antiblotic molecule. Further—
more, a3 has been polnted out, a control of the relative
position of introduction of the amino acid units cannot be
achleved by biological synthesis. Therefore, it appeared
that 8 general method of synthesis of actinomycin analogs
would require a totally chemical method of preparation if
the analogs were not to be synthesized from the natural

product. The importance of thls approach has been svidenced
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by several publications. Brockmann (8) prepared the
first true snalog (XVIa) of the actinomycins by the ailr
oxidation of an aqueous solution of methyl 2—amino—3-hydroxy-
li=methylhippurate (XV) in ammonium carbonate. Mauger (23)
reported the synthesis of actinocinyl-bils—glycine ethyl
ester(XVIb) and of some derivatives of 3-benzoyloxy-l—
methyl—2-nitrobenzoyl-L—threonine (II) by the method of
Brockmenn (6). Weinstein (13) prepared actinociryl-bis—
I—threonine (XVIc), its dimethyl ester (XVId), and its di-
amide (XVIe) by oxidative procedures also similar to that
reported by Brockmann (6).

0 R 0 0 R
[ | I [
C-NHCH2002CH3 R' OCCHNH—C C~NHCHCOR!
NH NH
e l 2 i l N\ 2
~
CH3 CHB CH3
AV

XVI a, R=H; R'OH
b, R=H; R'=0CH,CH,
o, R=CH4CH(OH); R=OF
d, R=CHCH(OH); R'=0CH;
e, R=CH;CH(OH); R'=NHp
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Predroditeleva (20) prepared several derivatives of
substituted l—phenoxazinecarboxylic'acid, starting with 3--
nitro—-l-phenoxazinecarboxylic acid(XXXI).

] g—Cl
C—O0CH H
H N .
Nj:y/c\\
| 5001 [::::(/ :}i:i:1\
2 .
XXX I XXXII
1) EtOH

2) SnCl,, HC1
3) (CHBCO)ZO
1) NaOH

5) HC1

6) 80012

y

0 0
C—NHGHpC0,CH3 g G0l
i /N ~J
Z ‘//  HoNCHpCO0oCH3 |
- ¢ 0 <~ “~NHCOCH
0 NHGOCH 3
XXXIII

XXIV

Peptide derivatives having phenazine as the hetero—
cyclic nucleus were prepared by Yoshiloka (21). Starting
with l-phenazinecarboxylic acld chloride(XXXV) and an amino
acld or amino acid ester, the monopeptides indicated below
were syntheslized. In order to preparse dipeptide derivatives,

the glycine derivative was converted to the azlide, XXXVI,
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10

by reactlon with sodium nitrite 1n acetlc acld. The azide’
XXXVI, on reactlion with various amino aclids or amino acid
esters gave the dipeptldes indicated below,

0

ﬁ) 1
C-Cl

C-R
N N
~ amlno acids or | N
~ amino acid i’ L~
SN "esters N
XXXV

R=NHCH,CO,CH

=NHCH,COHH
=NHCH (CH3 ) GOH
=NHCH (CH,CHy ) COoH
=NHOH [0 (01;) ) 00,1

\ =NHCH [CHp0H (CH3 ) ] COoH

0
g—NHCH CON
| 2 3
N>
- < ~1 s&amino acids or ,
~)>_ > anmino acid ’
SN esters

XXXVI
R=NHCHpCONHGH,GOpCH,CH3

= NHCH200NHCH CO,H

2°%2
=NHCHpCONHCH (CH3 ) COpH
=NHCH,CONHCH (CH, ) CO,CH,
=NHCH,CONHCH (CH,CH1 ) CO,CH,CH3

=NHCH,CONHCH (CH,0H) GO, CHy
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11

Wu (22) synthesized several actinomycin analogs with
nicotinic acid as the heterocyclic molety. The use of the
azlde, anhydrlde, chloride and p-nitrophenyl ester of nico—
tinic acld for activation of the carbonyl for amlide forma-
tlon was Investigated. The most successful general reagent
for these preparations was found to be nicotinyl azide

(XXXVII). The results of thils study are summarized below.

0
t—x i
( amino acid [jﬁjj
N

-

=DL~NHCH (CH ) COLH
=L~NHCH (CH3 ) C0oH
=DL—NHCH[CH(CH3)JCOZH
=L-NHCH [CH,CH (CH, ) JCOH
=-DI~NHGH CH,C ¢ Hey ) COH
=0—NH ,C (H 00, H

Using 3-nitrosalicylic acid(XXXVIII) as a starting
material, Wu (22) also prepared a number of amino acid ester
derivatives of 2-amino—3—oxo~phenoxazine-l,6—~dicarboxylic
acld(XXXIX), in which the physilological activity was greater
than that of the nicotinic acid derivatives listed above.
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N02
NOz 1) S0C1 7
o ’ X~ OH
. 2) amino acid
(~0H ester ﬁ_x
0
XXXVIIT

NH NH,,
N. 2
X K46 (CN) ¢
¢ N
~ ' 0 0
C-X
=X G-X I
0 0 0
XXXIX

As has been demonstrated above, the approach to the
chemical synthesls of actinomycin analogs usually required
the preparation of a heterocyclic acid. Various derivatives,
especlally the amino acld or amino acid ester derivatives,
of the heterocyclic acid were then usually prepared in
order to lnvestigate their chemotherapeutic values.

The syntheses of several analogs of the nonhetero—
cyclic precursor of actinomycin have been reported, and
their pharmacological activity has been compared with that
of analogs having a heterocyclic nucleus. 0. Rumura (15,
16) prepared antimycin acid (XIX), which-was isolated by
Dunshee (17) from an unidentified specles of Streptomyces,

1
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13

and its methyl ester (XX). Senoh (19) synthesized N—(3—
hydroxyanttraniloyl)glycine (XXV), which was found in excreta
of whlte—2-—mutant silkworm larvae in which the conversion
of 3-hydroxykynurenine (X) to plgment is blocked, The low
degree of pharmacological activity of XIX, XX, and XXV,
support the 1dea that a heterocyclic molecule attached to
the peptide chaln might be the reason for the observed high

degree of activity in a number of actinomycin analogs having

a8 heterocyclic nucleus,

j 8
OCH, S0C1» 5 —~ 0CHj
. ~. NO
NO, 2
XXI l Threonine
C-NH
c—-NHCHCH(OH)CH3 N Cﬁgﬁ(OH)CH3
OCHy Hp 3
\
Pd-C NO,
~NH
XTIV 2 XXIII
l \\\\\\\ CH,N,
0 CO.H \\\\\\\\\\ 0 (O0-CH
T 3 poje3
C~NHCHCH (OH)CHj C—NHCHCH (OH)CH,
OH 0CH3
i, NH,,

XIX
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1

|
0 - T é—OCHB
i CH_Cl ’ |
C-0CH, 2 NO,
| KOH
No,, . _ OCH.C,H
‘ + OH ,OH 27675
OH XXVIII
XXVI XXVII 1) NaOH
2) HC1
3) 80C1,
v
0
1
C~-NHCH_CO_H !
€0, C— NHg;{ZCOaH c~C1
@Nﬂa H2/Pt0p HplNCHpCORH @/ No,
NN ~0H OCHZC6H5 OCH 06H5
XAV

. L

The interesting chemotherapeutic properties of the
complex heteroaroyl polypeptide, actinomyeciln, suggested the
possibility of potential activity for some other tricyclie,
heteroaroyl system. In choosing a tricyellc, heterocyclic
gystem for the synthesls of actinomycin ahalogs, certain
characteristics were sought: (1) the starting materilal
should be availlable commercially; (2) the ring system should

be found In some known pharmacologilcally active compounds;
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(3) derivatives of this heterocyclic compound analogous to
actinomyclin should be novel. These characteristics are
satisfled by phenoxathiin(L) since, (1) phenoxathiin(L) is
avallable from Eastman Organic Chemicals. (2) Phenoxathiin
(L) snd several of 1ts derivatives have been shown to be

. bacterlioastatic toward streptococci, to possessg insecticidal

properties, and to be anthelmintics (27,34,35). (3) The
amino acld and polypeptide derivatives of phenoxathiin(L)
would be novel.

Actinomyecin possesses amide carbonyl groups located
at the two peri-positions ortho to the heterocyclic nitrogen
atom, as was shown In structure I. It appeared that a
compound possessing carboxylic acid groups in the two pgri-
positions ortho to the heteroatom (0 or S) of phenoxathiin
(L) would provide the closest analog in structure to the
heteroaroyl portion of actinomycin.

The electrophilic substitution of phenoxathiin(L)
normally leads to the 2—substituted and 2,8-disubstituted
derivatives which would not be suitable iIn the preparation
of the desired dicarboxylic acid. The possible synthesis
of the dicarboxylic acld by oxidatlon of the corresponding
ly, 6= or 1,9—dialkyl phenoxathlln was not feasible since the
starting materlals were not readily avallable and oxidation
would have affected the sulfur. A possible route to the
desired dilcarboxyllc acld appeared to'be;via metalation.

The abillty of this reaction to yield oprtho products, usually
unmixed with para isomers, distinguishes metalation from the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



16

more familiar types of electrophilic substltution and makes
1t possible to prepare many products not readily availlabls
by other routes.,

0ilman (41) reported the synthesis of lj,b6-phenoxa—
thiindicarboxylic acid(LXVIIa) in a 34% yield from the di-
metalation of phenoxathiin(L) with n-butyllithium(XLI). An
improvement of hls isolatlon procedures could lead to the.
satisfactory apriication of this route to the desired di-
carboxylic acid, If, however, thls dimetalation approach
failed to glve a substantial yield of the ! ,6—~phenoxathiln—
dicarboxylic scid(LXVIIa), then metalation of 1its deriva-—
tives would be investigated In an attempt to find a route
to a l,6—disubstltuted phenoxathiin which could be converted
to the deslred dicarboxylic acid.

Gilman (2l4) reported that the electron availability
of the hetéroatom was important in diresting the attack of
the n~butyllithium(XLI) to a position ortho to a hetero-
cyclic atom. ‘e also reported that the directing influ--
ence of oxygen was more important than that of sulfur.
Uasing these observations of CGilman, a posslhle alternate
route to l,6~phenoxathiindicarborylic acid(LXVIIIa) was the
metalation of u—hydroxyméthylphenoxathiin(LXX), formed by
reduction of l~phenoxathiincarboxylic acid(LII). The elec—
tron density on the phenoxathiin ring would bs increased
due to the electron donating abllity of the l~hydroxymethyl
group. If the directling Influence of oxygen still pravails
In LXX, then & metalatlon reaction of this carbinol (LXX)
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would be expected to yield L-hydroxymethyl—b-phenoxathiin—
carboxylic acid(LXXI). LXXI could then be oxidized by

standard procedures to l,6-phenoxathiindicarboxylic acid
(LXVIIa).

Once this heteroesroyl analog of actinomycin(LXVIIa)
waa prepared, the synthesls of 1its amlde derivatives would

be attempted in order to prepare analogs more closely

related In structure to actinomycin. It was expected that

these derlvatives could be readily preparad by a Schotten—

Baumann procedure.
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FiGURE L

PROPOSED REACTION SCHEME FOR THE SYNTHESIS
OF PHENOXATHIIN(L) ANALOGS
OF ACTINOMYCIN

1) Synthesis of lj,6—phenoxathiindicarboxylic acid(LXVIIa).
Procedure A

0 0
S I I
HO~C C—0H
AN NP
@ \ 1) 2 n~BuLi(XLI), @i
2) €0 >
NG 24 S
3) H40
L LXVIIa
+
0
I
C—OH
~ S o
- HO~(
i
0
LXVIIIa
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Procedure B

0
I
. C—OH
0 .
- :]::::} 1) n—BuLi(XLI) | -0 | X
S 2 cozm P
L 3) H40 LII
L1ALH),
0
| CH,OH
HO—C CH,0H
0 -0
1) 2 n—BuLi(XLI) O
. "2) co, S
" H_o® LXX
IX 3)
+/or
0
CH,OH | !
> H C—OH
0 ;™ :
VL
[::::[;s [::::[:s
60K LXVIIa
O - -

2) Synthesis of peptide derivatives of l,6—phenoxathiindi-—
" /,
carboxylic acid(IXVIIa). f°2R R"05C

R'-C—R" R"~C-R!
l

N-R  R-N

0 0 l

I I 0=C C=0
HO—C C—OH |

I NP
N0 1) 5001, d |
| /\l > ~
XA g N\ 2) HNR-C(R',R")-

COoR
LXVIIa
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DISCUSSION

Analogs of actinomycin having a phenoxathilin ring
were deslred. As described 1n the Introduction, the syn—
thesls of such analogs required a method of preparation of
phenoxathiin-ii,6 or 1,9—dicarboxylic acid. The preparation
of the lL,6-phenoxathiindicarboxylic acid (LxVIIa) by metala—
tion seemed most promising and thus 1lts synthesis via this
route was investigated.

Gilman (24) showed that with the alkyllithiums the
entering metal shows a strong tendency to replace a nuclear
hydrogen atom alphg to a heteroatom. Thus, n~butyllithium
(XLI) metalated thiophene in the Z-position (25), and di-
benzothlophene (Xilix) in the lL~position to give the organo—

metallics xXLllL and Xulidt,

] a
S Li A g~
XLII XLIII Li o

A simplified mechanism to rationalize the observed
orlentation was reported by Gilman (z2l4). The organometallic
lon-pair (XuLiV) was pictured as forming a coordinateﬂﬁond
between the metal cation and a pair of ei;ctrons belonging
to a"héteroatom of the ocompound undergoing metalation. Sub-—
sequently or simultaneously, the carbanion portion of the
organometallic ion—pair attecked an adjacent hydrogen atom,

removing 1t as a proton. The coordingtion of the metal
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cation with the hetero atom weakenad the ionic bond between
the metal and the carbanlon and at the ssme time polarized
the adjacent carbon-hydrogen bond faclilitating the proton

removal, The sequence 1s 1llustrated below by structures

XLIV through XuVi,

Y:L1i:C, H —n Y:L1 Y
DR
Z ' H 5 - G Hy g5 N L1
XLIV o “ i XLVI

XLV

Gilman (36) showed that an ether linkage had a

greater activating effect on the direction of metalation
.than did a sulfide linkage. Thus, when a mixture of di-
benzofuran (XLVILL) and dibenzothiophene (XLli) were treated
with an insufficient quantity of n-—butyllithium (XLI) only
the dibenzofuran (XLVill) underwent metalatlion. Moreover,
h—-dibenzothienyllithium (XLViL) saused the metalation of
dibenzofuran (XLViLi) in the L—position to give dibenzothio-—

phene (XLlX) and Lh—dibenzofuryllithium (LV.iL).

XLVII XLVIII
Uy QI
XLIX .. LVII Li
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This greater dlrecting power of oxygen as compared
with sulfur in orgenolithium metalation reactions was
further confirmed by Gilman (36) by a study of the reaction
of n-butyllithium (XLI) and phenoxathiin (L) which gave a
53% yield of the l~substituted product, LII. Gilman (36)
pointed out that this provided the only convenlent method
of preparation of the L—substituted phenoxathiins starting
with the parent phenoxathiin (L). Attempts to prepare l-—
phenoxathiincarboxylic acid (LII) by ring closure experi-
ment3 falled (36). For example, 2—carboxydiphenyl ether
(LIX), prepared by the metalation of diphenyl ether (LVIII)
with n-butyllithium (XLI), failed to give lL—phenoxathiin—

carboxylic acid (LII) on treutment with sulfur and aluminum
chlorlde (26).

i
C—O0H
0 |
1) n-BuLi (XLI) ~ /0
2) 0, -
0
LVIII 3) Hy0 LIX
s
A1C14

i
| b0t
94
~.8

LII
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Repetition of Gilman's procedure (36) for the mono—
metalation of phenoxathiin (L) using an ethereal solution of
n-butyllithium (XLI), prepared from n-butylbromide (XL) and
1ithium, gave a 20.4% yileld of pure l—phenoxathiincarboxylic
acid (LII). That the yleld was inferior to that reported
may have resulted from the difficulty in achieving the proper
stolchiometry for the monometalatioh reaction. The use of a
commercial n-butyllithium (XLI) solution in hexane™ was more
successful. The use of this n—butyllithium (XLI) led to the
formation of l—phenoxathiincarboxylic acid (LII) in average
yields of 60% several times, and in one reaction the yield
was 90%. The position of metalation was assumed from the
identification of the carboxylation product as l—phenoxathiin—
carboxylic acid (LII) by a comparison of physical constants
of the acld and its methyl ester (LIII) with the literature

values (36,38), and by the absorption spectra of LII and LIII.

n—-BuBr + 2L1 = n—BuLi + LiBr
XL XLI
N0 0
[:::I{/ n-BuLi (XLI). 25\7T/
7
NN ~ S \ A
L LI
1) Co,
2) H309
0 - 0
g |
—~)CH (]J-OH

CH3OH

| 3 \V
O .. O
s
_ NS ™~ Hel -

LITI

S
LII

*The author wishes to express appreciation to Dr. 0. F.
Baumel of the Foote Mlneral Company for generous supplies

of n-butyllithium,
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Having found a satisfactory method of synthesis of
li—phenoxathiincarboxylic acid (LII), a route to the L,6—
phenoxathiindicarboxylic acid (LXVIIa) was sought. The for-
mation of 34% of the l,6-phenoxathiindicarboxylic acid
(LXVIIa) was reported to occur from the reaction of phenox-—
athiin (L) with 2 equivalents of n-butyllithium (XTLI) (L1).
The dilacid was separated from 17.&% of lL~phenoxathiincar—
boxylic acid (LII) by extraction of the latter into benzense
and from 8.9% of the 1,6—~phanoxathiindicarboxylic acid
(LXVIIIa) by fractional precipitation of the diacias from
aqueous base. The impure l,b-phenoxathiindicarboxylic acid
(LXVIIa), m.p. 256—266c, was pracipitated by the weaker acid,
acetic acid; while the impure 1,6—vhenoxsthiindlcarboxylic
acild (LXVIIIa), m.p. 295-316°, required dilute hydrochloric
acid. Repetition of Gilman's procedure (4l) for the dimet—
alatlion of phenoxathiin (L) gave impure LXVIIa, m.p. 290~
3h0°, from acetic acid, and impure LXVIIa, m.p. 225—2&00,
from dilute hydrochloric acid. Following recrystallizatilon,
LXVIIa, m.p. 270—273", was obtained in 3.47% yileld; while
LXVIIIa was obtalned in 3.54% yield. The complex separation
procedure may have led to considerable losses of the dicar—
boxylic aclds. A different method of separation would be

required, so neJ procedures for the separation of LXVIIa and
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LXVIIIs in large quantitles were investigated.

The greater reactivity of l,6-phenoxathiindicarboxylic
acid (LXVIIa) as compared with 1,6—phenoxathiindicarboxylic
acld (LXVIIIa) with thionyl chloride suggested a separation
based on the kinetlcs of acild chloride formation. The reac—
tion of the dicarboxylic acid mixture with thilonyl chloride
was allowed to stand for 15 min. After filtration, the in—
soluble residue corresponded to LXVIIIa. Saponification of
the acld chloride remaining after evaporation of the thionyl
chloride gave 1.9% of LXVIIa, m.p. 270-2739 upon acidification.

The l4,o~phenoxathiindicarboxylic acid (LXV1Ia) was
found‘to be more soluble Iin diethyl aniline than the 1,6-
dlcarboxylic acld isomer. The attempts to use thls differ—
ence for a separation gave L .0% of LXVIla, m.p. 250-269° and
9.0% of LXVIIIa, m.p. 345~350° (dec.).

Other procedures were lnvestigated in an asttempt to
increase the amount of dimetalation. The highaer temperaturs
obtained by changing the solvent from bolling ether to boilling
hexane showed no chenge in product ratio. The use of 3
equivalents of n-butyllithium (XLI) per sesquivalent of
phenoxathiin (L) gave yields of LXVIIc and LXVIIIc, isolated
as the ethyl esters, of less than 1%.

The dicarboxylic acids, LXVIIa and LXVIIIa, obtained
from these metalation reactions were ldentlified as being the
same as those obtained by Gilman (41) by the melting points
of the aclds and corresponding methyl esters, LXVIIb and
LXVIIIb., The difference in the uvltraviolet absorption
spectra of dimethyl u,6—phenoxathi;ndicarboxylate (LXVIIb)
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also provided a method of dlstingulshing between these
isomerlc derivatives. The orbltals of the non—-bonded elec—
trons of oxygen and sulfur are presumed to overlap wlth the
]I —system of the aromatic rings, thereby increusasing the
electron density of the aromatic rings (28). In both
esters, LXVIIb and LXVIIIb, the oxygen can exert an elec—
tron releasing effect by resonance with the carbonyl groups;
but the sulfur can be in conjugation with the carbonyl group
only in the 1,6—isomer (LXVIIIb). Sulfur 1s considerably
less electronegatlve than oxygen, and thus greater overlap
of its orbitals with the 77T —system of the aromatic rings
1s expected. Accordingly, if the exclted state of LXVIIIb
was stabilized by electron release from the sulfur atom,
such as shown by structure LXIX, then a bathochromic and
hyperchromic shift of the maximum absorption should be ob=—
servaed when the ultraviolet absorption spectrum of LXVIIIb
was compared with that of LXVIIb, This hypothesls was con—
firmed by an observed 4 mp bathochromic shift in the position
of maximum absorption and a 1900 hyperchromic shift in its
molecular extinction when the maximum absorption of LXVIIIb
was compared to that of LXVIIb.

c":-oc513

©/ )
g
®
58
LXIX

: CH3
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L

. | 1) 2 n=BuLi (XLI)
2) GOy
3) HBO0
V
0 0 0
I | | |
RO-C C--OR C—OR
|
ZA N AN\ 0
XY - OY o
X N N\ Qﬁ/’\\s N
R ILXVIIIa, R=H
LXVII a, ReH O_ﬂ
0 b, R=CHj
b, R=CH3
C, R=CH20H3
¢, R=CHpCHj3

The failure of the direct metslation of phenoxa-
thiin (L) to provide a satisfactory method of synthesis for
4, b~phenoxathiindicarboxylic acid (LXVIIa) required the
conslderation of another method of synthesls of ILXVIIa. The
reaction of l~phenoxathiincarboxylic acid (LII) with n—
butyllithium (XLI) would probably involve reaction of the
organometalllc with the carboxylic acld function rather than
metalatlion of the ring. Conversion of the carboxylic acid
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group of l—phenoxathiincsrboxylic acid (LII) to an electron
donating group such as a carbinol would be expected to Iin—
crease the susceptibility of the aromatic ring to metalation.
Whether the electron releasing effect of the carbinol group
would overcoﬁe the directing influence of the heterocyclic
oxygen and lead to metalation in the l—position could only
be established by experimentation. If, however, the attack
of n-butyllithium (XLI) was controlled by the heterocyclic
oxygen atom, the resulting lL—hydroxymethyl—6—~phenoxathiin-
carboxylic acid (LXXI) could be converted to the desired l,b6-
phenoxathilndicarboxylic acid (LXVIIa) by oxidation.

To Investigate thils route to LXVIIa, several methods
of conversion of l—phenoxathiincarboxylic acid (LII) to the
carbinol, L-hydroxymethylphenoxathiin (LXX), which was also
to be used as a model compound for oxidatlon were considered.
Three general methods are avallable for the conversion of a
carboxylic acid to an alcohol (30). The first general method
is the reducticn of the ester by sodium and alcohol (32).

The method 1is unsatisfactory with aromatic esters since
complete reduction to Ar—CH3 often occurs. The second_
goeneral method 1s the catalytic hydrogenolysis'of the ester
over a copper chromite catalyst. However, thils method 1is

also complicated by partial reduction to Ar—CHB. The third
goeneral method uses lithium eluminum hydride to effect re~—
duction (39) of either the carboxylic scild or ester. This
method appeared to be the most satisfactory since high

ylelds of alcohols have been reported to result from the
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reduction of elther ester or acid whether they are aliphatic

Ly )

or aromatic.

The conversion of lL—phenoxathiincarboxylic acid (LII)
to L~hydroxymethylphenoxathiin (pXX) was accomplished with
lithium aluminum hydride by heating a tetrahydrofuran solu—
tlon of LII under reflux. This reaction gave LXX in yields
averaging 75%. These yields were considerably higher than
the 6.6% yield of LXX obtained by the 1ithium aluminum
hydride reduction of the methyl ester (LIII).

0 ]
C—O0H —OCH;
0 ~ "\ // l O
LII , LIIT
IA,:LA 1H
N LiALH), GH,OH L
ANY
T
g S

LXX

With this satisfactory method of synthesls of -
hydroxymethylphenoxathiin (LXX) avallable, the metalation
reaction was Investigated. The metalation of L-hydroxymethyl—
phenoxathiin (LXX) with 2 equivalents of n~butyllithium (XLI),
followed by carboxylation, led to the lsolation of L—
hydroxymethyl—6~phenoxathiincarboxylic acid (LXX) in yields
of approximately 55%. The structural assignment of the acid
LXXI was established by reduction with lithium aluminum
hydride to give the same dlhydroxymethylphenoxathliin obtained
by the lithium sluminum hydride reduction of l,b-phenoxathiin—
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dicarboxylic acld (LXVIIa). The fact that metalation took
place on the 6—position and not on the l—posltion was further
substantiated by the fact that the reduction product LXXI
was different from the reduction product, LXIII, of 1,6—
phenoxathiindicarboxylic acid (LXVIIIa).

0 A
CH,OH HO—b CH,0H
1) 2 n-BuLi (XLI) O F |
ol 3) H,08
3 LXXI
L1ALH)
P 9
HO-C C—0H HOGHg CH,OH
0
@Q@ e @ﬁ)
LXVIIa 7 LXXII
0
C~OH CH,,0H

|
.0
- l LiAlHLI_
g

HO—ﬁ ILXVIIIa
0

\%4
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The nuclear magnetlc resonance spectra of LXII and
LXXIII can be rationallzed if the structure LXXI 1ls pre—
sumed for the metalation product of lU-hydroxymethylphenoxa—
thiin (LXX). In general terms, the failure of a hydroxyl
resonance to show coupling in nuclear magnetic resonance
spectra determined in chloroform or carbon tetrachloride
rogardless of the presence of proton on an adjacent atom
has been attributed to a raplid exchange of the proton from
one hydroxyl to another. The exchange 1s sufficlently fast
go that the lifetime of a proton attached to a gpecific
oxygen is much less than the 1lifetime of 10 2—10"3 sec.
required for nuclear magnetlc resonance to observe a single
state (4}). The result is that the proton of the hydroxyl
group sees a number of environments which are averaged in
the measurement to give a single peak rather than a split
peak. In dimethyl sulfoxide, 1t has been proposed that
hydrogen bonding of the alecohol to the solvent slows the
rate of proton exchange sufficlently to perﬁit datection of
coupling (45,46).

A comparison of the nuclear magnetic resonance
spectra of lj,é—dihydroxymethylphenoxathiin (LXXII) and 1,6~
dihydroxymethylphenoxathiin (LXXIII), determined in dimethyl—
sulfoxide, indicated that the dlscusslon above was consistent
wlth the observed splitting in the latter case, but did not
explaln the absence of splitting in the former case. A
posslble explanation to account for these observed facts

appeared to be in terms of hydrogen bonding. The infrared
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spectrum of LXXII was determined as & solid mull rather than
as a dilute solution; however, the absorption bands at 3460
em.~Ll and 3375 om., ™1 may indicate both intramolecular and
intermolecular hydrogen bonding, respectively. The dimethyl
sulfoxlde would displace the intermolecular hydrogen bonding,
but might not appreciably affect the intramolecular hydrogen
bonding, if it were highly favored. If these conditlons
exlsted then thls could account for the persistence of rapid
hydroxyl proton exchange and the lack of splitting for the
methylene and hydroxyl protons in LXXII, The 1,6~dihydroxy—
methylphenoxathiin (LXXIII), on the other hand, c¢ould not
have any intramolecular hydrogen bonding between the
hydroxyl hydrogens. The spectrum of LXXIII as a solid mull
showed a broad band centered at 3250 cm.~! which may indicate
only intermolecular hydrogen bonding. Presumably, the
dimethyl sulfoxide slowed down the hydroxyl proton exchange
sufficiently so that splitting was observed as expected.

The broad hydroxyl peak showing fine splitting for 1,6-
dihydroxymethylphenoxathiin (LXXIII) may well be due to
overlapping of the two expected triplets. This interpre-—
tatlon may not be the only one to explain the observed
spectra; however, it 1s consistent with the assiéned

structure, LXXI, of the metalation product of li-hydroxy—
methylphenoxathiin (LXX).
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FIGURE II

Nuclear Magnetic Resonance Spectra of LXXII and LXXIII
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The use of lL~hydroxymethyl—6~phenoxathiincarboxylic
acid (LXXI) as an intermediate in the synthesis of l,6—

phenoxathiindicarboxylic acid (LXVIIa) required the davelop—
ment of a method of oxidation of the carbinol group to a
carboxyl function. Since l~hydroxymethylphenoxathiin (LXX)
was more readily avallable, model experiments were performed
on it to determine the effectlive methods of forming lL~—
phenoxathiincarboxylic acid (LII). These methods could then
be applled to the oxidation of l~hydroxymethyl—é—phenoxa—

thiincarboxylic acid (LXXI) to get l,6-phenoxathiindicar—
boxylic acid (LXVIIa).

Methods analogous to the oxidatlons of benzyl
alcohol and benzaldehyde to benzolc acld were Investigated
for the oxldation of the aromatic carbinol funetion in LXX
and LXXI to an aromatic carboxylic aclid. The methods
available are numerous (for leading references see refer—
ences 63 and 64). The use of a number of these oxidative
procedures is dlscussed below,

Manganese dioxide, prepared by the proceduré of
Stork (I47), ceused the oxidation of L-hydroxymethylphenox—
athiin (LXX) to l—formylphenoxathiin (LXXXII) in good yilelds.
LXXXII on reaction with bromine gave the acid bromide

LXXXIII. This was hydrolyzed in fair ylelds to Lj—phenoxa—
thlincarboxylic acid (LII).
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CH_,OH OI
k L.
//IC‘\ 0 P .\“ ‘
LXX LXXXII
0 | [Br2 ﬁ
C—OH C—Br
XY A OO0
Y 2) HCL
LII LXXXIIT

An atteampt to use hypochlorite for the oxidation of
L~hydroxymethylpbhenoxathlin (LXX) and the reactions of ailver
oxide or oxygen for the oxldstions of L~formylphenoxathiin
(LXXXII) to L-phenoxathiincarhoxylic acid (LII) failed to
giva the deslred oxidation products. These reactions gave
only recovered starting masterilal.

As a result of the above oxidation study on L~
hydroxymethylphenoxathlin (LXX), manganese dioxide oxidation
Tfollowed by bromine oxidation sppeared to be a loglcal
sequence for the conversion of l~hydroxymethyl—6-phenoxa—
thiincsrboxylic acid (LXXI) to lL,6-phenoxathiindicarboxylic
acid (LXVITIa). Unlike 4-hydroxymethylphenoxathiin (ILXX),
l~hydroxymsthyl~b6—phenoxathiincarboxylic acid (LXXI) was not
oxidized by manganese dioxlde. The oxidation of l~hydroxy-
methyl—6-phenoxe thiincarboxylic acld (LXXI) was, therefore,
attemptsd using bromine, chromic acid, oxygen or silver
oxihe oxidations; but the reactions slther failed entirely

or gave poor ylelds of the deslred oxldatlon products.
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In the case of chromic acld oxidation, an Infrared spectrum
of the product mixture showed evidence of oxidation products
cqntaining a sulfoxide linkage. Due to these fallures of
oxldation of LXXI, other oxldative procedures were inves—
tigated.

Racently Traynelis (L8) observed that the reaction
of a solutlion of a benzyl alcohol and dimethyl sulfoxide
with alr led to good ylelds of the corresponding aldehyds.
Contrary to the results of Searles (49) who found that
dimethyl sulfoxide oxidation caused the conversion of
aliphatic sulfides to sulfoxldes, dimethyl sulfoxide oxida-
tion of L~hydroxymethyl—6—phenoxathiincarboxylic acid
(LXXI) gave good ylelds of L—formyl—6—phenoxathiincarboxylic
acid (LXXXIV) with no trace of sulfoxlide formation being
observed., Thls apparent discrepancy in sulfide oxidation,
however, can be readily understood when one considers that
aromatic sulfides are less readlly converted to sulfoxides
than are aliphatic sulfides. The non-bonded electrons of
the sulfur of the aromatic sulfide are delocalized due to
resonance. The aldehyde, LXXXIV, on oxlidation with silver
oxlde gave l,b6~phenoxathiindicarboxylic acid (LXVIIa) in
good ylelds.,

The reaction sequence for obtaining l,b-phenoxa—
thiindlcarboxylic acid (LXVIIa), as discussed above, was
operatlonally difficult. This was especlally true at the
dimethyl sulfoxlde oxldation stage. The hazard of fire was

constantly present, and the reaction required attention to
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corract for evaporatlon and decomposition of the dimethyl
sulfoxide. The decomposition products of dimethyl sulfoxide,
such as methyl mercaptan and dimethyl sulflde, on heating
at reflux had unpleasant odors and working with them was
quite nauseating. Thus, instead of trying to avold oxida-—
tion of the sulfide linkage to sulfoxide and/or sulfone
durlng the oxidation of the carbinol, s procedure which
would convert the carbinol and sulfide linkage to carboxylic
acld and sulfoxlde, respectively, was sought. The reduc—
tlon of the sulfoxide could then be achleved by standard
procedures to glve LXVIIa.

Concentrated nitric acid has been used to oxidize
carbinols to carboxyllc acids and to oxldize sulfides to
sulfoxides. As expected from the above combined studies,
when l~hydroxymethyl-—6—phenoxathilncarboxylic acid (LXXI)
was oxldlzed through the intermediate, LXXX, with concen—
trated nitric acid, excellent yields of li, 6~phenoxathiin—
dicarboxylic acid-10—oxlde (LXXXV) were obtalned. The )
reduction of the sulfoxide linkage of LXXXV with hydriodic
acid readily gave the desired l,6~phenoxathiindicarboxylic
acld (LXVIIa) in almost quantitative ylelds.
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Having developed s satiéfactory synthetic route to
h,6—phenoxathiindiggrboxylic acid (LXVIIa), the major goal
of the synthesls of a phenoxathiin analog of actinomycin was
reached, for LXVIIa was a trlcyellc, heterocyclic compound
possessing carboxylic acld groups in the two peri-positions
ortho to a hetero atom, However, the preparation of amide
éerivatives of IXVIIa was desiréd in order to obtain com—

pounds even more closely analogous to actinomycin,
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To Investigate a route to these derlvatives and to
provide compounds for a comparlison of any actlvity resulting
from mono vs., disubstlitution, Schotten—Baumann reactions
were parformed on the model compound, L—phenoxathiincar—
boxylic acld chloride (LXII). The reaction of LXII with s
number of amino acids under the usual Schotten~Baumann
conditlons employing a sodium hydroxide solution failed,
howevar. That hydrolysis took place faster than reaction
with a number of amino aclds using thls strong base was
evident by the almost quantitative recovery of l—phenoxa—
thiincarboxylic acid (LII) on acidification of the reaction
mixture. In only two cases was a reaction successful.

These were the reactions with glycine (LXVIII) and with
L(—)=proline (LXIV) to give N—(l4~phenoxathiincarbonyl)glycine
(LXV) and N—(L—phenoxathiincarbonyl)-L(—)=proline (LXVI),
respeétively. These products were obtained in small ylelds,
and the reactions were of questlonable reproducibility. Wu
(22) had observed a similar difficulty in his studies on

the reactions of l~phenoxathiincarboxylic acid chloride
(LXII) with amino acids. Elemental analysis and infrared
spaectra of the products LXV and LXVI were consistent with
the structural assignments. The amide I and amide II bands
for a secondary amide (L4O) were located at 1620 em.™L ana
1520 cm.-l, respectivelﬁ for LXV. Since there can not be

an amide II band for a tertiaf& amide, only the amide I band
was observed for ILXVI at 1600 c:rn."'1 with a shoulder at 1620

-1
cm, .
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Having established the difficulty of reaction of l—
phenoxathiincarboxylic acid chloride (LXII) with amino acids
in a sodium hydroxide solutlon, 1t was evlident that modified
Schotten—Baumann conditlons should he used 1n the preperation
of amide derivatives of l,b6-—phenoxathiindicarboxylic acid
(LXVIIa). The use of amino scid esters instead of amino
aclds would be advantageous because of the concommltant
increass in nucleophllicity of the nitrogen atom. Further—
more, the hydrolysis of the acid chloride groups of LXXXVI
could be virtually eliminated by dissolving the dicarboxylic
acld chloride, LXXXVI, and the amino acid ester In benzene
and stirring the resulting solution with an aqueous solution

of the weak basse, sodlum blcarbonate.
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When the acld chloride, LXXVI, was treated under
these modified Schotten—Baumann conditlons wilth glycine
ethyl ester hydrochloride (LXXV), L(-—)-leucine methyl ester
hydrochloride (LXXXVII), L(-)--leucine ethyl ester hydro-
chloride (LXXXVIII) and L(-)--phenylalanine methyl ester
hydrochloride (LXXXVIII) there wers obtained good ylelds of
diethyl N,N!'—(l,6~phenoxathiinbiscarbonyl)diglycinate (XCI),
dimethyl N,N'—(h,6—phenoxathiinbiscarbonyl)uL(-)mdilucinate
(XCII), diethyl N,N'—(L,6~phenoxathiinbiscarbonyl)-L(—)-
dilucinate monohydrate (CIII), and dimethyl N,N'—(l, 6~
vhenoxathlinbiscarbonyl)-L(-)-diphenylalanate (XCIII). That
reaction occurred on both acld chloride groups of LXXXVI
was confirmed by elemental anaslysis, ultraviolet, infrared
and nuclear magnetlc resonance spsctroscopy.

An alternate method was also investigated for the
preparation of the amide derivatives of l,b6-phenoxathiindi-
carboxylic acid (LXVIIa). It was expected that the reaction
of an amino acid or amino acid ester with L—chloromethyl—6—
phenoxathlincarboxylic acid chloride (LXXIV), prepared from
li~hydroxymethyl—6—phenoxathiincarboxylic acid (LXXI) and
thionyl chloride, would take place with displacement of
both halogen atoms. The resulting compound could then be
oxidized by chromic acid (65) to give the same amide deriv—
atives (LXI) that were prepared from the reaction of l,6-—
phenoxathiincarboxylic acid chloride (LXXVI) and an amino
acld or amino acid ester. Even 1if the reaction did not take
place at the chloromethyl group, but only at the acid

chloride group, derivatives would then have been avallable

A}
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to test any change in blological activity which would result
on substitution of one of the perl-positions with a group
that 1s not an amide derivative.

The reaction of lL—~chloromethyl—b6—phenoxathiincar—
borylic acid chloride (LXXIV) with glycine (LXIII) and with
glycine ethyl ester hydrochloride (LXXV) led to the forma-
tion of N,N'-(L4-methyl—-6—phenoxathiincarbonyl)diglycine
(LXXVI) and ethyl N—(Lj—chloromethyl—6~phenoxathiincarbonyl)
glycinate (LXXVII) respectively. The latter syntheasls could
alzo be accomplished, although in smaller ylelds, by heating
a mixture of l~chloromethyl—6—phenoxathliincarboxylic acid
chloride (LXXV) and glycine ethyl ester hydrochlorider(LXXV)
In benzene. It 1s Interesting to note that no reaction
took place when LXXIV and LXXV were heated in triethyl
amine. The wide melting point range (m.p. 140-147°) of the
trace amount of product from the reaction with glycine
Indicated that the product may be impure. This was evident
from the hydrogen analysis, which was 0.54% lower than that
calculated for LXXVI. However, a negatlve Bellsteln test
and the infrared spectrum of thls compound were consistent
with the assligned structure, LXXVI. The assigned structure
for LXXVII was confirmed by elemental analysis, a positilve

Bellsteln test, and Infrared and nuclear magnetic resonance

spectrogscopy.
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The chloromethyl group appeared to be resistant to

nucleophilic displacemaeant by an amlne, so further research

leading to the preparstion of amide derivatives (LXI) hy

this procedure was not pursued.

The unusuvual formation of

the chloromethyl group end its gtrong resistance to reaction

was glso indicated by the esterification of LXXIV with

methyl alcohol to glve, as the only product, methyl L-—

chloromethyl—6—phenoxathiincarboxylate (LXXVIII).
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With the successful preparation of several amide
derivatives of li~phenoxathiincarboxylic acid (LII) and lL,6—
phenoxathiindicarboxylic acld (LXVIIa) the goal of preparing
phenoxathiin analogs of actinomycin was achleved. The
successful synthetic proceduresused to obtain this desirad
goal have thus led to derivatives of phenoxathiin (L) which
are novel and to analogs of actinomycin which origlnate
from a commercilally available, blologically active tricycliec
heterocyclic system.

Having accompllshed the deslired goal of preparation
of several stralght chain derivatives of phenoxathiin (L),
it was of interest to attempt to joiln the L~ and 6-positions
of phenoxsthiin (L) through a cyclic structure. The prep—
aration of such a phenoxathiin (L) derivative would be
valuable In studying the conformation of the phenoxathiin
ring system. It has bean proposed that the tricyclic system
may be capable of a butterfly typs inversion; however,
recent research on 1,4—dihydrobenzene would suggest that
the ring system is plesnar. The important pharmacological
activity of cycllic peptldes also provided an interest in
obtaining this novel type structure for screening.

The reaction of l,6—phenoxathiindicarboxylic acid
chloride (LXXXVI) with ethylene glycol (XCIV) failed to gilve
a cyclie pfoduct, but presumably gave the acyclic product
CIV. This was suggested by the presence of hydroxyl absorp—
tion at 3400 em.™  and ester carbonyl absorption at 1720

cm._1 in the infrared spectrum of the product from this
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reaction. That the reactivn of LXXVI with o-phenylenediamine
(XCV), in which the amino groups are held rigidly by the
benzene nucleus, probably gave the cyclic adduct XCVI was
consistent with the elemental analysis of the product. Thse
compound gave s negative Bellsteln test and its infrared
spectrum showed an amide I doublet at 1690 cm.™ > and 1650
em.™L, and an amide II doublet at 1590 cm.”t and 1550 cm. "L
for a secondary amide, thus, giving addltional support to

the assigned structure, XCVI, for the product of this reac—
tion. Since the synthesis of such bridged compounds weré

not necessary to thils thesis, these reactlions ware not in-—

vestigated further.
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An Interesting side prodﬁct was 1solated from the
monometalation reaction of phenoxathiin (L) with n-butyl—
lithium (XLI). The structure of this side product was
determined, and the method of its formation was investigated.
The product showed maxima at 279 and 345 mp in the ultra—
violét spectrum, and the Infrared spectrum showed a carbonyl
stretching absorption at 1660 em.”l, These data strongly
suggested a ketone carbonyl probably cross conjugated with
two aromatic systems. The compound gave a positive 2,L—
dinitrophenylhydrazins tust with the formation of a red
derivative, thus adding support to the assumption of the
conjugated carbonyl. The elemental analysis suggested that
the compound might be lL,4'-diphenoxathiinyl ketone (LVI).
This structure would be In agreement with Gilman's observa~
tions (42,43) that ketones may result from metalation reac—
tions under certain conditions. The successful synthesis
of lL,4'—diphenoxathiinyl ketone (LVI) from the reaction of
j-phenoxathiinyl lithium (LI) and lithium l--phenoxathiin—
carboxylate (LIV) in 6.4% yleld confirmed the structural
asgignment of this second product obtained in a 1.7% yileld
from the monometalation reaction.

Although water wes used in the work up of the mono-—
metalatlion reactlon products, precautions were taken to avold
contact of water with the reaction mixture at all times in
the direct synthesls of LVI, After heating an anhydrous
ether—hexane solution of LI and LIV under nitrogen, the

resction mixture was filtered and the solvent was allowed to
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evaporate from the filtrate to give LVI. It appears unlikely
that LVI was soluble In ether and that atmospheric molsture
caused the hydrolysis of LV to LVI. Therefore, the formation
of LVI iIn the absence of water indicated that the direct
elimlination of lithium oxide may have taken place, although
in small yields, contrary to the statement of Gilman (42,43)
that hydrolysis was nacessary to free the carbonyl compougd.
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The assigned structurs of the ketone (LVI) was
further complemented by the nuclear magnetic resonance
spectrum which showed a quartet at 5.75 p.p.m. (2 hydrogens),
an aromatic complex at 6.97 p.p.m. (12 hydrogens) and a
cuartet at 7.47 p.p.m. (2 hydrogens). It is a well known
fact that a carbonyl group attached to a benzene ring may
have a strong deshlelding effect on the ortho~hydrogens (65).
The observed quartet at low field Indicated that this was
as expected for the 3 and 3'-positions. The paramagnetic
shift noted for the higher fleld quartet may be explained
by a shlelding effect on the protons of the 6 and 6'—
positions by the 7] system of the opposing aromstic moilety.

Sterlc factors may be mentlioned as an explanation
for the low yield (1.7%) of ketone (LVI), obtained in the
monometalation reaction. Thls explanation 1s correlated
with the fact that p—tolyllithium on carboxylation at 0-150
gave 1% of p—toluic acild and 77-81% of di~P—tolyl ketone;
whereas, o-—tolyllithium on carboxylation at the same temp—
erature gave o—toluic acid in 35% yield as the only product
(42). Other factors which may account for the low yileld
of ketone from the metalation reaction are: (1) solid carbon
diloxide was used to provide a largs local concentration of
carbon dioxide for the carboxylation step, and (2) a low
temperature was used for the carboxylation step to decreasse

the formation of gaseous carbon dioxide.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



50

Having established the structure of the ketone from
the monometalation reaction of phenoxsthiin (L), it was
desirable to examine 1its mode of formation. Three possible
synthetilc routes were investigated. (1) Lithium l—~phenoxa-—
thiincarboxylate (LIV) may have undergone decarboxylation in
part to l—phenoxathiinyllithium (LI) which then underwent
reaction with excess lithium lL—phenoxathiincarboxylate (LIV)
to form the ketone, LVI. That such a decarboxylation step
did not occur was verifled by the lack of formation of
phenoxathlin (L), which would have resulted from the reaction
of excess LI with water during the aqueous work-up, or
ketone (LVI) when a mixturse of lithium l—phenoxathiincar—

boxylate (LIV) and tetrshydrofuran was heated under reflux.
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(2) L4~Phenoxathiinyllithium (LI) may have undergons
reaction with carbon dioxide from the atmosphere to give
lithium Y—phenoxathiincarboxylate (LIV) which gave addition
with excess L—phenoxathlinyllithium (LI) to form the ketone
(LVI). This possibility was supported by the observation
of Gilman (L42) that phenyllithium was converted to benzo--
phenone by the presence of small voluﬁes of gaseous carbon
dioxide., That this reaction did not occur was verified by
the lack of formation of ketone LVI when the metalation
reactlon was decomposed by being poured into water rather
than on solid carbon dioxide.

(3) L4—Phenoxathiinyllithium (LI) may have undergons
reaction with a limited amount of carbon dioxide gas from
the sublimation of so0lid carbon dioxide to give lithium [~
phenoxathiincarboxylate (LIV) which reacted with excess -
phenoxathiinyllithium (LI) to form the ketone (LVI). That
this was the case was varifiled by carboxylation of the
metalation reaction with carbon dioxide gas 1lnstead of solid

carbon dloxide to form the ketone LVI in yilelds of less than

2%. -
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It was of interest to investigate briefly the possi-
bility of synthesis of a phenoxathiin analog of actinomycin
in which the carbonyl function of the heteroaroyl molety was
located at a positlon ortho to the sulfur heteroatom and not
the oxygen heteroatom as was previously dilscussed. Gilman
(53) and Shirley (5L) reported that the reaction of phenoxa—
thiin-10-oxide (XCVII) with 3 equivelents of n-butyllithium
(XLI) led to a mixture of phenoxathiin (I.), l—phenoxathiin—
carboxylic acid (XCVIII), diphenyl ether (XCIX), 2—carboxy-—
diphenyl ether (C)}, 2,2'-dicarboxydiphenyl ether (C), and
n—-butyl mercaptan. When the reaction of phenoxathiin-10-
oxide (XCVII), prepared by the procedurss of Tomita (51) and
Gilman (52), and 3 equivalents of n~butyllithium (XLI) was

repeated In thls laboratory, the only products isolated were
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CI, valeric acid and recovered XCVII. The attempted syn—
thesis of l-phenoxathiincarboxylic acid (XCVIII), which had

been pursued only as a side interest, was not investigated
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It was desirahle to Investigate whether or not asym—
metry could be introduced in a planar and dlaryl systsm by
an asymmetric oxidizing agent. 4An asymmetric oxidation by
D(%i—percamphoric acid (CV) would be expected to lead to an
optically active compound starting with LXVIIIa, LXVIIIb,
or LXVIIIc. Since no attempts at asymmetric oxidations of
diaryl sulfides have been reported, the results of this brisf
investigation would be novel. The attempted asymmetric
oxidation on the diaryl sulfide, dimethyl 1,6-phenoxathiin-
carboxylate (LXVIIIb) led, however, to the formation of
dimethyl 1,6—phenoxathiindicarboxylate~l0-dioxide (CII)
using D(+)=percamphoric acid (CV), prepared by the procedure
of Milas (59). Therefore, this study was abandonsd,

I

C-0CH 3
= Y AN
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3 g LXVIIIb
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EXPERIMENTAL

Melting points were determined on a KbBfler hot stage

apparatus and are uncorrected,

Infrared absorption spectra were determined on a
Perkin-Elmer Model 137-B Infracord Spectrophotometer, or on
a Perkin—-Elmer Model 337 Infracord Spectrophotometer equipped
with sodium chlorilde optics, and were reported in em.~ 1,
Bach infrared spectrum 1s assigned a spectrum number which
refers to a certain infrared spectrum on a particular infra-—
red spectrophotometer at the University of Naw Hampshire.
Infrsred spectra of the lliguld samples were determined as
fllms, and solid materlals were determined as mulls in
Halocarbon oil (from L4000 cm.—l to 1300 cm.“l) and in Nujol
(from 1300 cm.“l to 600 cm."l). The bands sre indicated as
strong(s), medium(m), weak(w), or shoulder(sh).

Ultraviolet spectra were determined using a Perkin-—
Elmer Model L0OO Spectracord Recording Spectrophotometer,
and were raeported in mu, .

Elementsl analyses on compounds indicated by an
asterisk were determined by Schwarzkopf Microanslytical
Laboratories, Woodside, New York, Elemental enalysis on
the remainder of the compounds were determined with a F&M
Carbon, Hydrogen, Nitrogen Analyzer, Model 180.

Molscular welghts were determined on a Mechrolab

Vapor Pressure OQumometer, Model 301A..
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Preparation of n—Butyllithium(LXI). Into a 1-1.

3-necked flask equipped with a Hirshberg stirrer, dropping
funnel, and thermometer were placed L 00 ml. of anhydrous
ether. . After sweeping the apparatus with nitrogen, 20.0 g.
(2.88 g. atoms) of lithium wire, cut approximately 5 mm. in
length, were washed with ether and placed in the resctlon
flask. Nitrogen was passed through the system from thils
péint to the concluslon of the preparation. Wlith the stirrer
started, about 60 drops of a s3olution of 104.0 g. (0.76
mole) of n-butyl bromide(XL) in 200 ml. of anhydrous ether
ware added from the dropping funnel to initiate the reaction.
The start of the recction was evidenced by a cloudiness of
the reaction mixture. The reaction mixture was then cooled
to —100 with an-acetone—solid carbon diloxide bath and the
remainder of the n—butyl bromide(XL) and ether solution was
added during & 0.5 hr. period. After the addition was com—
pleted, the reaction mixture was allowed to warm to 10°,
The reaction mixture was then flltered through glass-wool,
and the filtrate was diluted to 800 ml. with anhydrous ether.
The yield was estimated (37) at 80-90%.

The n—-butyllithium(XLI) solutions, as prepsred
above, were used immedlately.

However, most of the metalation reactlons were

carried out using n-butyllithium(XLI) provided by Foote
Minerel Company.
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Preparation of h~Phenoxathiincarboxylic Acid(LII).

Procedure A — To 300 ml. of an etheresl solution of n—
butyllithium(XLI) preparaed from 208.0 g. (1.52 mole) of
n-butyl bromide (XL) and L40.0 g. (5.76 g. atoms) of lithium,
was edded 80.0 g. (0.40 mole) of phenoxathiin(L) and the
reactlon was stirred for 51 hr, under altrogen at room
temperature wlth a Hirshberg 3stirrer. The solution was
then poured, under nitrogen, onto a slurry of solid carbon
dloxlde in ether., The mixture was allowed to stend until
all the solid carbon dicxilde had sublimed, and 200 ml. of
watar wore gdded to the reaction mixture. The aqueous
phase was 3eparated and acidified with 5% hydrochloriec

acld to cause the precipitation of 35.5 g. of highly impure
li~phenoxathiincarboxylic acid(LII), m.p. 150-280°., 'he
impure compound was stirred with LOZ sodium hydroxide and
the mixture was allowed to stand for 5 hr. Filtration
through a sintered glass funnel ard acidification of the
filtrate gave a product of m.,p. 162-16L4°. Three recrys—
tallizatlions of the crude solld from glaclal acetlec acid
gave 20.0 g. (20.4%) of pure l-~phenoxathiincarboxylic
acid(LII), m.p. 171-173%; Lit. (36), m.p. 170-172°.
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Procedure B — To a solution of 40.0 g. (0.20 mole)
of phenoxathiin(L) in 200 ml. of anhydrous ether was added
85.2 g. (0.20 rcle) of 15.03% n—=butyllithium(XLI) in hexane
solution, and the resultant solution was stirred for LO hr.
at room temperature with a magnetic stirrer in a sealed
system under nitrogen. The solution was then poured, under
nitrogen, onto a slurry of solid carbon dioxide 1n ether.
After all the solid carbon dloxlde and solvent had evaporated,
the resldue was washed with water and the slurry was flltered
to separate the insoluble starting phenoxathiin(L) from
the 1ithium carboxylate salt(LIV). Acidification of the
filtrate caused the precipitation of 29.0 g. (59.3%) of
impure l—phenoxathiincarboxylic acid(LII), m.p. 162-172".

Two recrystallizations of the solid from glaciasl acetie
acid gave 13.5 g. (27.6%) of pure l~phenozathiincarboxylic
ec1d(LII), m.p. 173-175°.

Bacause of the need for large amounts of lj—phenoxa—
thiincarboxylic aci1d(LII), this procedurs was repeated many
times. The highest yleld of impure L—phenoxathiincarboxylic
acld(LII) obtained was 91.2% of melting point 160—168°;
however, the average yleld was approximately 70%. Recrystal—
lization of the crude material from glaclal acetic acid
decreased the averagse yleld to approkimately 50% of pura
compound, m.p. 171-173°. The average yleld of pure compound
could be increased to approximately 60% by collecting a
second crop of l—phenoxathiincarboxylic acid(Lll) on evapor—

ation or the solvent under aspirator pressure.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



59

A time study designed to arrive at the highest yield
c¢f product Indicated taat the reaction could be carrled out

in 20 hr. instead of 4O hr. withcut any substantial loss in
yield.

Anal. Caled. for 013HBO3S’ C, 63.92; H, 3.30.
Found: C, 64.05; H, 3.05.

Infrared Spectrum (Model 137-B, No. 5): 3000(m),
1680(s), 1600(m), 1L470(m), 1420(s), 1275(m), 1220(m),
1160(w), 1130(w), 1080(w), 1030(w), 94O(m, broad), 890(m),
850(m, broad), 810(m), 770(sh), 755(s), 730(m), 720(m),
675 (w) .

Preparation of Methyl lL—Phenoxathiincarboxylate(LII).
Procedure A — A solution of 2.0 g. -(8.1 mmoles) of lL~phenox-—

athliincarboxylic acid(L.II) in 50 ml. of absolute methyl
alcohol was saturated with hydrogen chloride and tns result-—
ing solution was heated under reflux for 3 hr. The solution
was then poured into 150 ml., cf lce water to causs the pre—
cipltation of a dark brown oil, which on distillation under
reduced pressure gave 1.50 g. (71.8%) of methyl L~phenoxa—
thiincarboxylate(LllI}, b.p. 160~185° at 0.9 mm; Lit. (38)
b.p. 183-187° at 1 mm,

Procedure B — To 20.0 g. (0.081 mole) of L—phenoxa~—
thilncarboxylic acid(LII) was added 25 ml. of thionyl
chlorlde, and the solutlon was heated under reflux for 30
min. After removal of excess thionyl chlorilde by evapora—
tion under reduced pressure, 30 ml. of methyl alcochol was

added to the impure l—phenoxathiincarboxyllic acid chloride
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(LXII) residue. The solution was refluxed for 10 min., and
voured into 100 ml. of water. The resultant oil was taken
up with ether and the ether separated and removed by flash-
distillation under reduced pressure. The oil which was left
behind was distilled under reduced pressurs to glve 12.0 g.
(73.5%) of methyl L—phenoxathiincarboxylate(LIII), b.p.
196~198" at 2.7 mm; Lit. (38) b.p. 183=187" at 1 mm.
Infrared Spectrum (Model 137-B, No. 1575): 3450(m,
broad), 1720(a), 1600(m), 1470(w), 1L20(s), 1275(w), 1220(w),
1200(w), 1160(m), 1130(m), 1080(m), 1030(s), 960(m), 94o(w),
875(m), 860(w), 755(s, broad), 730(sh), 720(sh), 675(m).

Reaction of Phenoxathiin(L) with One Equivalent of

n—Butvllithium(XLI). To a solution of 100.0 g. (C.50 mole)

of phenoxathiin(L) in 200 ml. of ether was added 212.8 g.
(0.50 mole) of a 15.05% solution of n-butyllithium(LXI) in
hexane, and the solution was stirred In a sealed atmospheré
of nitrogen for 30 hr. The solutlon was then poured on a
slurry of solld carbon dioxide in ether, and the reaction was
allowad to stand until all the solid carbon dioxide and solvent
had evaporated. Water was added to the resulting resldue,
and the heterogeneous mixture was resolved by filtration.

The 12.5 g. of insoluble residus from the filtration
Wwas recrystallized twice from acetone to give 3.5 g. (1.7%)
of lL,4'-diphenoxathiinyl ketone(LVI), m.p. 159-164°. Super—
imposability of the infrared spectrum of l,L'—diphenoxathiinyl
ketone (LVI) with that of an authentic sample prepared from

the reaction of l-phenoxathlinyllithium(LI) and lithium L-—
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phenoxathiincarboxylate (LIV) and the mixture melting point
of the two solids showed that the compounds were identical.

Evaporatlon of the acetone gave a sticky solid which
after trit&;ation with cold petroleum ether and recrystal--
lization from methyl alcohol gave 2.5 g. of recovered phenox—
athiin(L), m.p. 5,4~56°. Superimposability of the infrared
spectrum of the recovered phenoxsthiin(L) with that of the
starting phenoxathiin(L) and the mixture melting point of
the two sollds showed that the compounds were identical.

The original aqueous flltrate was extracted with
200 ml. of ether, and evaporation of the ether from the
extract gave only a trace of impure l—phenoxathiincarboxylic
acid(LII). 4 5% solution of hydrochloric acid was added to
the aqueous phase causing the precipitation of 82.5 g. of
impure l—phenoxathiincarboxylic acid(LII), m.p. 145-160°,
Recrystallization from glaclal acetic acld gave 1n two crops

68.1 g. (56.0%) of Li—phenoxathiincarboxylic acid(LII), m.p.
167-171°. .

In order to determine whether the l,L'—diphenoxe—
thiinyl ketone(LVI) could have been formed by & reaction of
i—phenoxathiinylIithium(LI) with carbon dloxide present in
the air, the following experiment was run. To a solution
of 10.0 g. (0.05 mole) of phenoxathiin(L) in 100 ml. of an-
hydrous ether was added 21.3 g. (C.05 mole) of a 15.05%
n-butyllithium(XLI) in hexens solution, and the resultant

solution stirred for 24 hr. at room temperature with a

magnetic stirrer in a sealed system under nitrogen.
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The solution wgs then slowly poured into 200 ml. of water.

A quantitative recovery of phenoxathiin(L), m.p. 5&—563 was
obtalned by salting it out of the aqueous phase with sodium
chloride into the ether phase followed by separation, and
evaporation of ether phase. Superimposability of the infra—
red spectrum of the recovered phenoxathiin(l) with that of
the starting phenoxathiin(L) and the mixture melting point
of the two solids showed that the compounds were identical.

In order to determine whether the L,4'-diphenoxa-—
thiinyl ketone(LVI) could have been formed by a combination
of 2 molecules of lithium lL--phenoxathiincarboxylate (LIV),

a tetrahydrofuran solution of 9.2 g. of lithium L-phenoxa—
thiincarboxylate (LIV), prepared by adding 1 equivalent of a
15% n-butyllithium(XLI) in hexene sclution to 1 equivalent
of pure lL—phenoxathiincarboxylic acid(LII), was heated under
reflux for 25 hr. On working up the mixture as described
above, a quentitative yield of l—phenoxathiincarboxylic acid
(LII) was obtained. Superimpcsability of the infrared
spectrum of l-—phenoxathiincarboxylic acid(LII) with that of
an authentic sample prepared from the reactlon of phenoxa—
thiin(L) and n-butyllithium(XLI) and the mixture melting
point of the two solids showed that the compounds were
identical.

In order to determine that L,4'-diphenoxathiinyl
ketone (LVI) was formed by the reaction of Li~phenoxathiinyl—
lithium(LI) with a limlited amount of carbon dioxide, the
followlng experiment was performed. A solution of 10.0 g.
(0.05 mols) of phenoxathiin(L) in 100 ml. of anhydrous ethsr
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was stirred for 20 hr. under a sealed nitroger atmosphere with
2l.3 g. (0.05 mola) of a 15.05% solution of n-butyllithium(XLI)
in hexane. Carbon dioxide was then bubbled through the
solution to give a yellow solld. The solvents were separated
and evaporated to leave an oll as residue. The o0il crystal-—
1ized upon trituration with cold petroleum ether. The solid
was heated with petroleum ether and lsolated by filtration.
The filtrete was allowed to evaporate to give 2.1 g. of
starting phenoxathiin(L), m.p. 53-55". The 2.3 g. of residue
was recrystallized from acaeatone to give only traces of Impure
ketone (LVI). Evaporation of the acetons gave 1.5 g. of
starting phenoxathiin(L), m.p. 52-54".

Preparation of I lj'-Diphenoxataiinyl Ketone (LVI).

- To 10.0 g. (0.05 mole) of lL=—phenoxathiinyllithium(LI) —
calculated on the basis of a 70% yield for monometalation -,
In 100 ml. of anhydrous ether was added 8.3 g. (0.037 mole)
of 1lithium L—phenoxathiincarboxylate(LIV), prepered by
adding 1 equivalent of n-butyllithium(XLI) to 1 equivalent
of l—phenoxathiincarboxylic acid(LII) in 200 ml. of anhy-—
drous ether. The mixture was heated under reflux in a
sealed nitrogen atmosvhere for 20 hr. The reaction mixture
was flltered, and the solvent was allowed to evaporated from
the filtrate to give 1.0 g. (6.4%) of impure l,l'-diphenoxa—
thiinyl ketone(LVI), m.p. 153-164". Recrystallization of
the impure ketone from acetone gave 0.2 g. of pure compound,
m.p. 163~166°. The residue from filtration of the reaction

mixture was soluble in water and upon acidification wilth 5%
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hydrochlorlc acid precipitated l—phenoxathiincarboxylic
acld(LII).

The L,L'—diphenoxathiinyl ketone (LVI) prepared as
above gave an infrared spectrum ldentical with that of the
h,4h'—diphenoxathiinyl ketone(LVI) formed in the reaction of
phenoxathiin(L) with 1 equivalent of n-butyllithium(LXI).
Moreover, a mixture melting point of the two melted at 163—
166°, The compound gave a positive 2,4—dinitrophenylhydra-
zine test in dimethyl sulfoxids.

Anal. Calcd. for 025H1h0352= C, 70.41; H, 3.31.
Found: €, 70.58; H, 3.57.

Infrared Spectrum (Model 137-B, No. 5525): 3000(sh,
broad), 1660(m), 1600(m), 1480(m), 1450(sh), 1420(s),
1290(w), 1275(m), 1220(m, broad), 1160(w), 1130(w), 1120(w),
1075(m, broad), 1025(w), 985(s), 945(m), 9ho(w), 915(w),
890(sh), 875(s), B850(w, broad), 825(m), 810(m), 780(m),
750(s), 7h0(s), 730(s), 720(sh), 675(m).

CHC13
Ultreviolet Spectrums: A

345 (log € 3.35).

279 (log € LL.O9),
max

Preparation of Q@lycine Ethyl Ester Hvdrochloride
(LXXV). A solution of 20.0 g. (0.27 mole) of glycine
(I.{III) in 200 ml. of absolute alcohol was saturated with
hydrogen chloride and the rniixture was heated under reflux

for 12 hr. On cooling the solution, a dark solid precipi-
tated. Two recrystallizations of the 30lid from absolute

ethyl alcohol gave 6.0 g. (15.9%) of pure glycine ethyl
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ester hydrochloride (LXXV), m.p. 1L3-146°; Lit. (61), m.p.
1h2~145" .

Infrared Svectrum (Model 137-B, No. 1615): 3500(w),
3000(s, broad), 2700(w), 1740(s), 1590(m)}, 1550(m), 1500(s),
1h50(m), 1410(s), 1380(s), 1250(s), 114O(m), 1100(m},
1050(s), 1000(m), 910(s), 860(s), 820(m), 720(w, broad).

- Proparation of @lycine Ethyl Ester. A solution of

5.0 g. (0.036 mole) of glycine ethyl ester hydrochloride
(IXXV) in 2.5 ml. of water was cooled to 0°C and 2.0 ml., of
ether were added. To this was added 8 ml. of a 33% sodium
hydroxide solution elso at 07, and the mixture was 3tirred
for 0.25 hr. Potassium carbonate and barium oxide were then
added thickening the water layer to a paste which was re-—
moved by filtration. After extracting the filtrate several
times with ether, the comblned ether extracts were placed
on a flash evaporator, and the solvent was ramoved under
reduced pressure to give 1.0 g. (27.2%) of pure glycine
ethyl ester as residue.

Infrared Spectrum (Model 137-B, No. 1723): 3500(s),
3000(s), 1740(s), 1590(m), 1520(s), 1L450(m), 1420(m),
1380(m), 1350(w), 1300(sh), 1250(sh), 1200(s, broad),
1120(w), 1100(m), 1C60(m), 1030(m), 960(m), 880(w), 860(w).

‘e

Attempted Preparation of Ethyl N—(L—Phenoxathiin-
carbonyl)glycinate., A solution of 3.0 g. (12.3 mmoles) of

li—phenoxathiincarboxylic acid(LII) in 20 ml. of thionyl

chloride was heeted under reflux for 2 hr. Excess thionyl
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—~

chloride was removed by distillation to leave 2.8 g. (86.5%)
of impure l~phenoxathiincarboxylic acid chloride(LXII) as
residue. Mo recrystallizations of the crude product from
petroleum ether gave 1.3 g. (L0.3%) of pure L—~phenoxathiin—
carboxylic acid chloride(LXII), m.p. 79-81". A Beilstein
test wegs posltive for halogen.

Infrared Spectrum (Model 137-B, No, 2768): 1770(s),
1590(m), 1570(m), 1470(m), 1420(s), 1275(m), 1220(m),
1210(w), 1180(m), 1160(m), 1120(m), 1095(w), 1020(w), 960(w),
oho(s), 875(w), 850(w), 8l0(m), 790(m), 755(s), 730(m),
675(s).

To a solution of 2.5 g. (0.01 mole) of li~phenoxa—
thilncarboxylic acid chloride(LXII), as prepared above, in
25 ml. of anhydrous benzene was added 5 ml. of anhydrous
pyridine. An immediate precipitation of the pyridinium salt
resulted; the solid gave a positive Bellsteln test for
halogen and was soluble in water, To thils mixture was added
1.0 g. (0.01 mole) of glycine ethyl ester, as prepared
above, and on stirring for lj hr. a clear solution resulted.
A brown viscous liquid residue was left after removal of the
solvent by flash distillatlon under reduced pressure.' The
resldue was shaken with a water and ether mixture. The
ether layer was separated, and 1,0 ml. of hexane were added
to cause the precipitation of the product. On recrystalli-
zation only Muphenoxathiincarboxylic acild(LII) was obtained,
Superimposabllity of the infrared spectrum of the lj-phenoxa-—
thilncarboxylic acid(LII) with that of an authentic sample
prepared from the reaction of phenoxathiin(L) snd n-butyl—
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lithium(XLI) and the mixture melting point of the two solids

showed that the compounds were ldentical.

Preparation of N—(l-—thenoxathiincarbonyl)glycine

{LXVi). A solution of 0.92 g. (12.3 mmoles) of glycine
(LXIII), 9.8 g. (2.6 mmoles) of a 10% sodium hydroxide
solution, and 2.8 g. (10.6 mmolos) of L—phenoxathiincarboxylic
acld chloride(LXxLL) was stirred for 0.25 hr. On standing s
brown solid precipitated from the solution. The solid was
reamoved by filtration and dlssolved in 75 ml. of water.
Acidification of the filtrate with 5% hydrochloric acid gave
2.4 g. of precipitate, m.p. 140-180°. After washing the
solld several times with 100 ml. portlons of ether to remove
any starting l~phenoxathiincarboxylic acid chloride (LXII)
and the hydrolysis product(Lll), the residue was recrystal—
lized twice from methyl alcohol with Norit treatment to

giva 0.5 g. (15.7%) of N—(u—phenoxéthiincarbonyl)glycine
(LXV), m.p. 220.5~-222.5°,

Anal.® Calcd. for CygHy NOS,: C, 59.78; H, 3.68
Found: C, 59.58; H, 3.63.

Infrared Spectrun (Model 137-B, No. 1945): 3L50(m),
3000(m), 1740(sh), 1720(s), 1620(s), 1520(s), 1L70(m),
1420(s), 1310(w), 1275(m), 1225(s), 1160(w), 1130(w),
1100(m), 1095(w), 1020(w), 975(w), 950(w), 925(w), 890(w),
860(s, broad), 820(w), 810(w), 770(m), 755(s), 730(w),
720(w), 675(w).
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Preparation of N—(h—Phenoxathiincarbonyl)—L(~)}—proline

(LXVI). A solution of 3.0 g. (1l.l4 mmoles) of l,—phenoxa—

thiincarboxylic acid chloride(LxIL), 1.31 g. (11l.l4 mmoles)
of L(=)=proline(LalV), and 23.0 g. (22.3 mmoles) of a L%
sojlum hydroxide solution was stirred for 3 hr. and ths
product was precipitated by the addition of 1N hydrochloric
acid. Recrystallization of the product was attempted from
varlous solvents, but all attempts gave an »nil on cooling.
Tke o0il from the attempted recrystallization with 95% ethyl
alcohol was triturated with cold ligroin (66~75°) to give
0.31 g. (7.8%) of N—(L~phenoxathiincarbonyl)-L(—)~proline
(LxVLi), m.p. 110-114° (dec.).

Anal. Caled. for CjgHygNO)S: €, 63.33; H, L.43.
Found: C, 61.45; H, L.33.

Infrared Spectrum (Model 137-B, Yo. €923): 3450(m),
1720(s), 16<0(sh), 1600(s, broad), 147¢(m), 1450(sh),
1420(s), 1275(r1), 1250(m), 1220(m), 1130(sh), 1100(m),
1095(m), 1020(m), 975(m), 925(m), 825(w), 810(m), 755(s,
broad), 700(n), 675(m).

Reaction of Phenoxathiin(L) with Two kquivalents of
n—-Butyllithium(Xi L), Following a modification of the pro-

cedure of Gilman (41), a solution of 20.0 g. (0.1 mole) of

phenoxathiin(L) in 200 ml. of éhhydrous ether was treated
with 84.7 g. (0.20 mole) of a 15.06% n—-butyllithium(XLl) in
hexane solution. The solution was heated under reflux for
4y hr, in a sealed nitrogen atmosphers. The reaction mix—

ture was then poviad onto a slurry of carbon dioxide in
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ether. After all the solid carbon dloxlde and ether had
evaporated, the residue was pulverized, taken up in water,

and aclidified with 5% hydrochloric acid causing the precipita-
tion of 23.2 g. of acidic product, m.p. 140-270°. The

product was extracted with 1 1. of hot benzene to leave 1ll.2
g. of acidic residue, m.p. 220-280°. Evaporation of the
benzene gave 10.8 g. (L4.4%) of impure L—phenoxathiincar—
boxylic acid(LII).

The 11.2 g. of acidic residue was dissolved in 10%
sodium hydroxide, and the solution was acidified with glacial
acetic acld to precipitate 4.0 g. of acidic product, m.p.
290-340°, The filtrate was acidified with 10% hydrochloric
acld to yield 5.3 g. of acidic product, m.p. 225~240°,

The acldlc compound precipitated wilth glaclal acetic
acld was recrystallized from 2-~butanone and glaclal acetic
acid (L':1) to yield a product, m.p. 345-355°. Addition of
water to the recrystallizatlon medium yilelded a solid, m.p.
220-240°.

A1l solids having melting points of less than 240°
were combined and heated with glacilal acetic acild and the
mixtures were filtered. The residve gave a product, m.p.
340-352°, The filltrate on cooling deposited a solid, m.p.
250-270°. Addition of water caused furthar pracipitation
of a compound, m.p. 230-240°,

All solids of melting point less than 270° were
combined and recrystallized from 95% ethyl alcohol to yileld

" 1.0 g. (3.47%) of u,6—phenoxathiindicarboxylic ac1d (LXVIIa),
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m.p. 270-273%; Lit. (41), m.p. 266—267".

All solids of melting point greater than 3LLOn were
combined and recrystallized from ethyl cellosolve to yleld
1.2 g. (3.54%) of 1,6—phenoxathiindicarboxylic acid(LXVIIIa),
m.p. 350-355" (dec.); Lit. (L41), m.p. 351-353" (dec.).

This procedure was, egnd modifications of it were,
carried out several times to obtain the two pure phenoxa-
thiindicarboxylic acids, LXVIIa and LXVIIIa, in approximately
the same ylelds as those reported above. One prevaration
gave on benzene extraction of the l~—phenoxathiincarboxylic
acid(LII), a residus, m.p. 325-340". Using the above pro-—
cedure, separation yielded 1,6—phenoxathiindicarbéxylic
acid(LXVIIa), (3%).

Alternste procedures used to separate the dicarboxylic
acilds: Procedure A — During the preparations of the
esters of lj,6-phenoxathiindicarboxylic acid(LXVIIa) and 1,6~
vhenoxathiindicarboxylic acid(LXVIIIa) by way of their acid
chlorides, see below, it was found that l,6-phenoxathiindi-
carboxylic acld(LXVIIa) underwent reactlion at a faster rate
with thionyl chloride than did 1,6—~phenoxathiindicarboxylic
acld(LXV1iIa). Accordingly, a separatiocn using this reac—
tion was trled. After removal of the l—phenoxathiincar—
boxylic acid(LII) from the mixture of acids by way of
benzene extraction in a Soxhlet extractor, the residue was
treated with thionyl chloride. At 0.5 hr. intervals the
reactlon mixture was filltered and the insoluble residue was
again treated with thionyl chloride. This procedure was

repeated up to 3 hr. until all the dilcarboxylic aclds had
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gone iInto solution. The flltrate at sach iInterval was con—
cantrated by flash distillation under reduced pressure, and
the residue was stirred with ahlo% godium hydroxide solution.
Acidification of the solutions with 5% hydrochloric acid
gave the impure dicarboxylic acids. Recrystallization of
the products of melting point less than 280° and those of
more then 300° gave froﬁ %40.0 g. (0.20 mole) of phenoxa—
thiin(L), 2.1 g. (1.9%) of l,b-phenoxathiincarboxylic acid
(LXVIIa), m.p. 270-273° and 2.1 g. (3.6%) of 1,6-phenoxa—
thiindicarboxylic acid(LXVIIIa), m.p. 350-355° (dec.).
Procedure B — Since l,6—phenoxathiindicarboxylic
ac1d(LXVITa) 1s more soluble in N—ethyl anlline than is 1,6-
pheanoxathlindicarboxylic acld(LXVIIIa), a separation using
this property was attempted. After removal of the lj—phenox—
athlincerboxylic acid(LII) as above, the residue was stirred
with N—ethyl aniline. Impure 1,6é-phenoxathiindicarboxylic
acid(LXVIITa) was isolated as a residus by filtrstion.
Acldification of the N—ethyl anilire sclution yielded impure
ly, 6—~phenoxathiindicarboxylic acid(LXVIIa). Recrystallization
of the impure 1,6-phenoxathiindicarboxylic acid(LXVIIIa)
gave approximately a 9% yield of product, m.p. 345-350°
(dec.). Recrystallization of the impure l,6--phenoxathiin-
dicarboxylic acld(LXVIIa) gave approximately & L% yield of
impure product, m.p. 250--265°, showing carboxylic acid bands
a3 well as slight amide bands in the infrared spectrum.
Procedure C — The use of a higher reaaction tempera—
ture was trled to get a 1arger ratio of dicerboxylic acids

to monocarboxylic acild, Hexane was usaed 1n place of the

ether as solvent to yleld approximately the same ratio of
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products as obtained by the main procedure.

Anal. Caled. for CluHBOSS (L, 6~vhenoxathiindicar—
boxylic acid(LXVIIa): ¢, 58.33; H, 2.80. Found: C, 58.33;
H, 2.49.

Infrared Spectrum {(Model 137-B, No. 6458) — L, 6~—~
phenoxathiindicarboxylic acid(LXVIIIa): 3400(m), 2900(m,
broad), 1740(s), 1710(s), 1600(s), 1590(w), 1570(w),
1515(w), 1470(w), 1460(m), 1h20(s), 1410(w), 1325(s),
1280(m), 1240(m), 1210(m), 1180(m), 115C(w), 1085(m),

980(w, broad), 940(m), 890(s), B850(w, broad), 810(s),
760(s), 720(s), 710(sh).

Infrared Spectrum (Model 137-B, No. 3676) — 1,6—
phenoxathiindicarboxylic écid(LXVIIIa): 34,00(m, broad),
2900(m, broad), 1670(s), 1650(sh), 1600(w), 1590(w),
1570(sh), 1515(sh), 1L460(w), 1410(m), 1280(m), 12L0(w),
1210(sh), 1160(m), 11L40(m), 1080(w), 1025(m, broad), 980(m),
950(m), 890(m), 850(m), 810(s), 755(s), 750(s), 720(m),
700(s). |

Reaction of Phenoxathiin(l) with Three Equivalents
of n—Butyllithium(XLI). To 20.0 g. (0.1 mole) of phenoxa-
thiin(L) dissolved in 100 ml. of anhydrous ether was added

126.9 g. (0.3 mole) of a 15.15% solution of n-butyllithium
(XLI) in hexane, and the reaction mlxture was allowed to
stir at room temperature uUnder a.nitrogen atmosphere for
- 20 hr, Following.carboxylation and acldification, as pre-
vliously described, there was obtained 22.5 g. of acidic

product. The acidic product was heated with several 250 ml.
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portions of benzene and filtered until the filtrate was a
pale yellow color. The residue weighed S.l g.

The filtrate wgs subjected to flash distillation
under reduced pressure to leave a residue which on recrys—
tallization from glacial scetic acid yielded 10.2 g. (L41.8%)
‘of L~phenoxathiincarboxylic acid(LII), m.p. 167-168°. The
Infrared spectrum was superimposable with that of authentic
h—phenoxsthiincarboxylic acid(LII) prepared by the reaction
of phenoxathiin(L) with 1 equivalent of n-butyllithium(XLI).

The residue of 5.l g. was heated under reflux with
thionyl chloride for 3 hr., Excess thionyl chloride was re—
moved by distillation to give 3.2 g. of product. This was
added to 10 ml. of anhydrous pyridine and 15 ml. of absolute
ethyl alcohol and the resulting solution was hested under
reflux for 20 min. The solution was poured into 50 ml. of
water and was allowed to stend for 2 days, during which time
the precipitation of g white solid occurred. The solid
isolated by filtration was 0.5 g. of residue, m.p. 106~109".
The flltrate was subjected to flash distillation under re-—
duced pressure to leave a viscous olly residue. The oil was
shaken with 5% sodium hydroxide and ether. The ether phase
was geparated and evaporated to give an impure product which
when recrystallized from ethyl alcohol gave a trace amount
of a compound, m.p. 59762°, whose 1Infrared spectrum was
identical to that of diethyl l,6-vhenoxathiindicarboxylate
(LXVIIc) prepared from pure L, 6~phenoxathiindicarboxylic
acld chloride (LXXXVI), ses below, and ethyl alcohol.
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The 0.5 g. of residue, m.p. 106~109°, was recrystal—
lized twice from ethyl alcohol and water to gilve an analyt—
ical sample of dilethyl 1,6-phenoxathiindicarboxylate (ILXVIIIc),
m.p. 110.5-112°, whose infrared spectrum was identical to
diethyl 1,6-—phenoxathiindicarboxylate(LXVIIIc) prepared from
1,6-phenoxathiindicarboxylic acid chloride and ethyl alcohol.

Preparation of Dimethwl hL,6-Phenoxsthiindicerboxylate
(LXVIIb). To 1.0 g. (3.1 mmoles) of li,b—phencxathiindicar—

boxylic acid chloride (LXXXV), see below, was added 20 ml.

of methyl alcohol and the solution was heated under reflux
for 12 hr. The methyl alcohol was removed by flash distil-—
lation under reduced vpressure to leave 0.60 g. of residus,
m.p. 78-80°. Recrystallization of the solid residue from
methyl alcohol and water gave 0.52 g. (52.7%) of dimethyl
u,6—phenoxathiindicarboiylate(LXViLb), m.p. 81-82°; Lit.
(41), m.p. 79-81°.

Anal. Caled. for CygH 5058t C, 60.75; H, 3.80.
Found: C, 60.48; H, 3.79.

Infrared Spectrum (Model 137-B, No. 6934): 3500(sh),
2900(w), 1730(s), 1710(w), 1590(m), 1570(w), 1460(w),
1420(s), 1280(w), 1250(m), 1220(m}, 1200(m), 1190(sh),
1160(s), 1130(s), 1085(w), 1060(w), 985(s), 975(m), 890(m),

875(a), 850(m}, 810(s), 760(s), 740(s), 735(sh), 720(w),

7CC(sh).

CHClB
Ultraviolet Spectrum: A 307(log € 3.568).

- max
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Te diethyl ester(LXVIIc), m.p. 59-62°, was also
y prepared by a similar procedure in 28.3% yield.

Infrared Spectrum (Model 137-B, No. U716): 3400(w,
broad), 2900(m), 1730(s), 1710(sh), 1600(w), 1590(w),
1450(sh), 1420(e), 141lo(sh), 1400(sh), 1380(m), 1275(w,
broad), 1220(m), 1210(s), 1180(sh), 1160(m), 1130(s),
1090(w), 1020(s), 985(sh), 94O(w), 920(w), B75(w), 850(w,
broad), 825(m), 800(sh), 770(s), 725(m).

Preparation of Dimethyl 1,6—~Phenoxathiindicarboxy-
late (LXVIIIb). To 1.0 g. (3.46 mmoles) of 1,6—phenoxathiin—

dicarboxylic acld(LXVIIa) was added 25 ml. of thionyl chloride,
and the solutlion was heated under rsflux for 1 hr. After
cooling the solution to room temperature, the thionyl
chloride was removed by evaporation under aspirator pressure
to leave a green residue. The residus was tallen up in 10
ml, of methyl alcohol and heated under reflux for 15 min.
The solution was poured intq ice water., On standing 0.8 g.
of solid, m.». 131-1&20, precipitated from the solution,
The solid was washed with a 5% sodium hydroxide sclutlon and
recrystallized twice from absolute ethyl alcohol to give
0.5 g. (45.5%) of dimethyl 1,b~phenoxathiindicarboxylate
(LXVIIb), m.p. 153-155°; Lit. (L1), m.p. 150.5-151.5°.
Anal. Calcd. for Cy gty o058 C{ﬁ60.75; H, 3.80.
Found: C, 60.58; H, 3.65.
Infrered Spectrum (Model 137-B, No. 6901): 3500(sh),
3000(w), 2900(w}, 1725(s), 170%5(s), 1600(w), 1590(w),
1570(sh), 1515(sh), 1470(w), 14Lo(s), 1420(s), 1280(m),
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12L0(sh), 1223(w), 1190(m), 1150{(m), 1110(m), 1080(w),
1050(w), 1010(s), 980(w, broad), 910(m), 850(m), 825(m},
800(m), 760(w), 740(w), 715(m), 705(sh).

CHC1

Ultraviolet Spectrum: A 3 333 (log € 3.681).
rnax

Preparation of Diethyl 1,6—Phenoxathiindicarboxylate
(XLVITTc). To 0.9 g. (3.12 mmoles) of 1,6~phenoxathiindi-

carboxylic acid(XLVIIIa) was added 25 ml. of thionyl chloride,
and the solution was heated under reflux for L hr. Thilonyl
chlorids was removed by evaporation under reduced pressurs
to leave a green residus. The residus wags dissolved in
10 ml. of absolute ethyl alcohol, and that solution was
heated under reflux for .10 min. On pouring the solution
into ice water, 0.7 g. solid, m.p. 94~99°, precipitated.
Two recrystallizations of the solld from ethyl alcohol and
water gave 0.3 g. (30.0%) -of diethyl 1,6—phenoxathiindicar—
boxylate (XLVIIIc), m.p. 106~107°.

Anal. Caled. for CygH1¢0gS: C, 62.72; H, 4.69;
344.33 g./mole. Found: C, 62.813; H, 4.83; 362.11 g./mole.

Infra;éd.Spectrum (Model 137~B, No. 3063): 2900(w),
1730(s), 1710(a3), 1600(w), 1580(w), 148cC(sh), 1420(s),
1L.00(sh), 1380(m), 1280(w), 1250(w), 1220(w), 1200(sh),
1190(w), 1160(m), 1130(m), 1090(w), 1060(w), 1020(a),
985(sh), 960(m), 925(sh), 875(w), 860(w), B25(m), 810(sh),
760(s), 735(sh), 715(w).

J

oo
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Attempted Preparation of lL-—Hydroxymethvlphenoxa—

thiin(LXX). To a suspension of 0.38 g. (10 mmoles) of
lithium aluminum hydride in 200 ml. of anhydrous tetrahy-—
drofyran at —5° was added a solution of 1.29 g. (5 mmoles)
of L~phenoxathiincarboxylic acid(LII) in 200 ml. of anhy—
drous tetrahydrofuran, and the reaction mixture was allowed
to warm to room temperature with stirring during L hr.
Following the decomposition of excess lithium aluminum hy-—
dride with water and removal of the precipitated aluminum
hydroxlde, the tetrahydrofuran layer was separated, and the
solvent was removed by evaporation to give a quantitative
recovery of l~phenoxathiincarboxylic acid(LII), m.p. 169—
171°, Superimposability of the infrared spectrum of the
recovered l—phenoxathiincarboxylic aci1d(LII) with that of
starting L—~phenoxathiincarboxylic acid(LII) and the mixture
melting point of the two solids showed that the compounds

ware ldenticsl.

Preparation of l=Hydroxymethylphenoxathilin(LXX).
Procedurs A — A solution of 1.5 g. (5.8 mmoles) of methyl
Lj—phencxathiincarboxylate (LIII) in 200 ml. of anhydrous
ethasr was added at room temperature over a perlod of 0.5 hr,
to 1.5 g. (4O mmoles) of lithium aluminum hydride, and the
o mixture was stirred at room temperature for 3.5 hr. Excess
lithium aluminum hydride was decomposed by the addition cof
water., The precipitated alumlinum hydroxide was dissolved by
the addition of 10% hydrochloric acid. The ether layer was
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separated and gllowed to evaporate to yiqld, after filtration,
0.27 g. of product, m.p. 75—820. The crude solid was re—
crystallized from benzene with Norit treatment to give 0.1 g.
(6.6%) of pure l~hydroxymethylphenoxathiin({LXX), m.p.
92.5-94.0°.

Procedure B — To 3.1 g. (0.082 mole) of lithium
aluminum hydride in 200 ml. of anhydrous ether was added
over 1 hr, 5.0 g. (0.0204 mole) of l—phenoxathilncarboxylic
acid(LII) dissolved in 300 ml. of anhydrous ether. The
reaction mixture was then stirred at room temperature for
17 hr., Excess lithlium aluminum hydrlde was decomposed with
water, and the precipitated aluminum hydroxide was dlssolved
with 10% hyérochloric scid. The organic compound was
salted out of the aqueous rhase by the addition of sodlium
chlorlde and taken up In ether. After separation of the
ether layer and flash distillation under reduced pressure,

8 so0lid resldue was obtained. This residue was stirred with
a 5% sodium hydroxide solution and separated by filtration
to leave a residue of 0.6 g. (12.8%) of impure L—hydroxy—
methylphenoxathiin(LXX), m.p. 84=88°, Acidification of the
filtrate with 5% hydrochloric acid gave l—phenoxathiincar—
boxylic acld(LII). Superimposability of the infrared spec—
trum of the recovered acid(LlI) with that of starting acid
(LII) and the mixture melting point of the two sollds showed
that the compounds were identical.

Procedure C — This procedure 1s basically the same

a3 procedure B except In the following:
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(1) Tetrahydrofuran was used as a solvent, since L—

pheroxathiincarboxylic acid(LLlLl) is more soluhle

in this solvent.

v~

(2) The reactlon mixture was heated under reflux for

3 to 20 hr,

(3) The reaction flask was cooled by an ice bath when

excess lithium aluminum hyaride was decomposed.

(4) Recrystallization was effected by extraction of
the solid in a Soxhlet extractor with hot ligroin

(66~75°) and cooling the recelver flask.

The average yleld of pure compound, m.p. 8¢=91°, by this
procedure was approximately 60%., The highest yleld of pure
compound, m.p. 89.5-91.5°, obtained was 73.6%.

Anal. Caled. for Cy3H (0,8t C, 67.79; H, 4.39.
Pound: ¢, 67.783 I, L.}49.

Infrared Spactrum (Mcdel 137-—B, -MNo. 1946): 3300(m,
broaq), 3000(m), 1600(w), 1470(w), 1L20(s), 1350(m), 1275(m),
1225(m), 1160(w), 1130(w), 1080(w), 1050(m), 1030(w), 960(m),

940(sh), 875(m), 810(m), 770(m), 755(s), 730(w), 720(w),
675(w).

Preparation of l-—-Hydroxymethyl—6—~Phenoxathiincar—
boxylic Acid(LXXI). To 10.0 g. (0.043l4 mole) of lL~hydroxy-

methyl phenoxathiin(LXX) in 300 ml. of anhydrous ether was

added 17.8 g. (0.043 mole) of a 15,15% solution of n-~butyl—
lithium(XLI) in hexane. A white solid, lithium alkoxide,
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preciplitated immediately. The mixture was stirred under a
closed nitrogen atmosphere at room temperature for 6 hr.
At this time a sample was removed. Carboxylation and acid-
ification of the sample in the ususl manner ylelded only
starting alcohol (LXX) (vide infrared spectrum). A second
equivalent of n~butyllithium(XLI) was added and the reaction
mixture was stirred at room temperature under a sealed
nitrogen atmosphere for an additional L2 hr. The reaction
mixture was poured onto a slurry of solld carbon dioxide in
eather and was allowed to stand until a8ll the solid carbon
dioxide and solvents had evaporated. The resldue was then
stirred with a large volume of water, and the mixture was
filtered. The filtrate was acidified with 5% hydrochloric
acid to precipitate the Impure product. Three recrystalliza-—
tions of the solid from methyl alcohol using Norit at each
recrystallization gave 6.5 g. (53.6%) of L-hydroxymethyl-
6—phenoxathiincarboxylic acid(LXXI), m.p. 229-231°.

The highest yleld of puvure product obtained by this
procaedure was 55%, m.p. 229-231°, Elemental analysis for

sulfur was positive.

Anal.™ Calcd. for Oyfyg0,S: C, 61.31; H, 3.68.
Found: €, 61.72; H, 3.91,

Infrared Spectrum (Model 337, No. 2273): 3300(s),
2945(m), 2500(m, broad), 1950(w, broad), 1685(s), 1600(w),
1450(sh), 1420(s), 1380(w), 1260(m), 1210(m), 1200(w),
1170(w), 1150(w), 1130(w), 1075(m), 1000(m), 970(m), 920(sh),
880(s), 850(w), 815(w), 8c5(w), 780(s), 760(w), 730(s),
720(s).
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The phenylhydrazine derivative(LXXIX) melted at
226~228°,

Infrared Spectrum (Model 137-B, No. 3084): 3250(s,
broad), 1950(sh), 1690(s), 1600(w), 1540(m), 1i450(sh),
1410(s), 1400(sh), 1260(m), 1210(s), 1200(sh), 1170(w),
1150(w), 1130(w), 1075(m), 1000(m), 970(m), 920(sh), 880(s),
850(w), 815(w), 805(w), 780(sh), 760(s), 730(s), 720(sh).

The Reduction of L—Hydroxymethyl—6t—Phenoxathiincar—
boxylic Acid(LXXI). To a suspension of 1.5 g. (0.0 mole)
of 1lithium aluminum hydride in 25 ml. of anhydrous tetrahy—

drofuran was added a solutlon of 2.74 g. (0.0l mole) of L~
hydroxymethyl—6—phenoxathiincarboxylic acid(LXX1l) in 200 ml.
of anhydrous tetrahydrofuran, and the mixture was heated
under reflux for 23 hr. Excess lithium aluminum hydride was
decomposed with water, and the precipltated aluminum hydrox-—
1de was dissolved with 5% hydrochloric acid. The organic
compound was salted out of the aqueous phase, and the ether
phase was separated and was evaporated to give 2.5 g. of
residue, m.p. 102-135°. Recrystallization of the crude solid
from carbon tetrachloride gave 1.1 g. (38.7%) of l,é6~diny—
droxymethylphenoxathiin(LXXII), m.p. 138-140°., Superim—
posability of the iInfrared spectrum of l,6—dihydroxymethyl—
phenoxathiin(LXxXxil) with that of an suthentic sample prepared
from the reaction of lithium aluminum hydride with L, 6~
phenoxathiindicarboxylic aci1d(LXVIIa) and the mixture melting
point of the two sollds showed that the compounds were

identical. An analytical sample, prepared by repesated re-—
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crystallization from carbon tetrachloride, melted at 10—
1Ll'1'5° .

Anal.™ Caled. for Cy)Hyp038: €, 64.60; H, L.65.
Found: C, 6L.66; H, L.T<.

infrared Spectrum (Model 137-B, No. 3613): 3460(m),
3375(m), 2950(w, broad), 1600(w), 1L50(sh), 1420(s),
1350(m), 1260(m), 1210(m), 1170(m), 1150(w), 1130(w),
1080(s), 1060(s), 1020(m), 1010(m), 980(m), 960(w), 890(w),

870(m), 850(w), 810(m), 780(sh), 775(s), 760(s), 74O(m),
720(m) .

The Reduction of lL,6~Phenoxathiindicarboxylic Acid
(LxVila). A solution of 1.0 g. (2.5 mmoles) of l,6~phenoxa—

thiindlcarboxylic acid(LXVIla) in 50 ml. of anhydrous tetra-
hydrofuran was added to a suspension of 0.7 g. (18 mmoles)
of lithium aluminﬁm hydride in 2C ml. of anhydrous tetrahy-—
drofuran and the mixture was heated under reflux for 22 hr,
Excess lithium aluminum hydride was decomposed with water,
and the aluminum hydroxide which precipitated was dissolved
by the additilon of 5% hydrochloric acid. Sodium chloride
was then added to the mixture in order to salt out tha
organic product from the aqueous phase., The mixture was
extracted with ether and the ether phase was separated.
Evaporation of the ether left 1.0 g. of a sticky residue.
After washing with a 5% sodium hydroxide solutlon, the
residue was crystallized from a 70% ethyl alcohol solution
to glve 0.1 g. (11.0%) of l,6~dihydroxymethylphenoxathiin
(LXXIL), m.p. 138.5-140°, The superimposability of the
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infrared spectrum of l,6~dihydroxymethylphenoxathiin(LXXII)
with that of an authentic sample rrepared from the reaction
of li~hydroxymethyl—bt—~phenoxatiniincarborylic acid(LXXI) with
lithium aluminum hydride and the mixture melting polint of

the two sollds showsd that the compounds wore identical.

The Reduction of 1,€~Phenoxathiindlcarboxylic Acld
(LXVIITa)., A solution of 1.0 g. (3.5 mmoles) of 1,6—

pnenoxathiindicarboxylic acid(LxV1iIla) in 50 ml. of anhy-—

drous titrshydrofuran was added to a suspension of 1.0 g.
(26 mmoles) of lithium aluminum hydride in 20 ml. of anhy—
drous tetrahydrofuran and the mirxture was heated under
reflux for 20 hr. On working up the reactlon mixture as
above, there was obtained 0.6 g. (66.0%) of 1,6—dihydroxy—
methylphenoxathiin(LXXLII), m.p. 152—15&0, after racrys—
stallization from 95% ethyl alcohol.

Anal.” Caled. for CyHyp058: C, 64.€0; H, L.65,
Found: C, 6L4.353 H, L.56.
' Infrared Spectrum (Model 137-B, No. 3669): 3250(m,
troad), 2950(w, broad), 1600(w), 1450(sh), 1L20(s), 1350(s),
1260(m), 1210(m), 1180(m), 1150(w), 1110(w), 1080(m),
1060(m), 980(w), §60(w), 890(w), B70(w), 850(m), 775(s),
720(m), 710(w), 675(m).,

Preparation of L—Chlcromethyl—6~Phenoxathlincar—

boxylic Acid Chloride(LXXIV)., To 4.0 g. (14.5 mmoles) .of

L=hydroxymethyl—6--phenoxathiincarboxylic acld(LXXLl) was
added 25 ml, of thionyl chloride, and the solution was
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heated under roflux for 45 min. The excess thionyl chloride
was removed by flash distillation undar reduced pressure to
leave a green solld as residue. Following two recrystalli-—
zatlons from ligroin (110-115°) with Norilt treatment, the
crude solid gave 2.7 g. (61.4%) of L—chloromethyl—b~phenoxa—
thiincarboxylic acid chloride (LXXIV), m.p. 99-102°.

Anal. Caled. for Cq)HgCly0,S: C, 54.03; H, 2.59.
Found: C, 54.55; H, 2.69. A

Infrared Spectrum (Model 337, No. 2278): 2900(w,
broad), 1760(s), 1600(w), 1575(m), 1L50(m), 1410(s), 1285(m),
1260(m), 1235(m), 1210(m), 1180(m), 1150(m), 1090(w),
1075(w), 975(sh), 940(s), 920(w), €90(w,sh), 870(m), 800(w),
790(w), 775(w), 725(s), 690(s).

Pregparation of N,N'—(h-Methyl—6—Phenoxathiincarbonyl)-
diglycine (LXXVI). To a solution of 0.48 g. (6. mmoles)

of glycine(LXIII) in 6.3 ml. of 2N (12.6 mmoles) sodium
hydroxide was added 1.0 g. (3.2 mmoles) of li-chloromethyl—
6-phenoxathliincarboxylic acld chloride (LXXIV) in 6 ml., of
benzene, and the mixture was stirred for 3 hr. at the end
of which time 81l the benzene had evaporated. The solution
was then acldifled with 2N hydrochloric acld causing the
precipitation of 1.1 g. (88%) of impure N,N'—(li~methyl--6—
phenoxathiincarbonyl)diglyeine (IL.XXVI), m.p. 120-130° (dec.).
Recrystallization of the crude product from 95% ethyl
alcohol gave an oll which on cooling with petroleum ether
gave the product (LXXVI), m.p. 140-147" (dec.). A negative
Beilstein test indicated the absence of chlorine.
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Aggl;-Calcd. for CygH1eNp0gS: C, 55.65; H, L.15.
Found: C, 55.70; H, 3.71.

Infrared Spectrum (Model 137-B, WNo. 5399): 3500(m,
broad), 29C0(m), 1725(s), 1700(sh), 1675(sh), 1650(s),
1600(sh), 1450(sh), 1h20(s), 1410(sh), 2285(sh), 1260(sh),
1210(s), 1180(w), 1160(w), 1150(w), 1090(m), 1.025(m),
975(w), 9LO(m), 920(w), 890(s), 80O(w), 790(w), 760(s),
740(s), 725(m). "

Preparation of Ethyl N—(L—Chloromethyl—€--Phenoxa—
thiincarbonyl)glycinate. Procedure A — To a solution of

0.5 g. (16 mmoles) of l:—chloromethyl-6—phaenoxsthiincarboxyllc

acid chloride (LXXIV) in 10 ml. of anhydrous benzene was
added 0.4L68 g. (32 mmoles) of glycine ethyl ester hydro-
chloride (LXXV), and the reaction mixture was heated under
reflux for 20 hr, Flltration removed the starting amino
acid ester hydrochloride (LXXV) as s residue. Bvaporation
of the filtrate followed by three recrystallizations of the
resulting residue from methyl alcohol and water (5:1) gave
0.27 g+ (45.0%) of Ethyl N~(L—chloromethyl—6—phenoxathiin-
carbonyl)glycinate (LXXVII), m.p. 109-115°. 4 positive
Beilstein test indicated the presence of chlorine.
Procedure B — Heatlng u—chloromethyl—é—phenoxa—;
thiincarboxylic acid chlorilde (LXXIV) and glycine ethyl ester

hydrochloride (LXXV) with triethylamine gave only recovered

starting materials.
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Procedure C — To 1.54 g. (49 mmoles) of l~chloro—

me thyl—6—phenoxathlincarboxylic acid chloride(LXXiV) in
25 ml. of anhydrous benzene was added a mixture of 1.37 g.
(98 mmoles) of glycine ethyl ester hydrochloride (LXXV) in
41.5 g. of 8% sodium bicarbonate and 25 ml. of benzene.
The reaction was stirred for L hr., and the benzene layer
was separated and concentrated to give 1.3 g. of residue.
The residue was heated with benzene and petroleum ether,
and the solution was filtered. Evaporation of the filtrate
gave, after recrystallization from 95% ethyl alcohol, 1.Ll g.
(78.3%) of ethyl N—(L—chloromethyl—6—phenoxathiincarbonyl )
glycinate (LXXVII), m.p. 118-118.5°,

Anal. Caled. for CygH¢CINO)S: C, 57.223 H, L.27.
Found: C, 58.03; H, L.19.

Infrared Spectrum (Model 337, No. 2271): 3250(s),
2900(w, broad), 1760(s), 1650(s), 1600(w), 1585(w), 1520(s),
1y50(w), 1420(s), 1375(w), 1350(w), 1265(m), 1240(m),
1220(w), 1190(s), 1160(m), 1070(m), 1010(m), 970(m, broad),
930(w), 910(w), 870(m), 805(m), 780(w), 760(s), 730(sh),
720(s).

The infrared spectra of the products lsolated from

procedures A and C were ldentical.

Resction of lIi—Chloromethyl—b—~Phenoxathiincarboxylic

- Acid Chloride (LXXIV) with Methyl Alcohol. To 0.5 g. (1.6
mmoles) of L—chloromethyl—b—phenoxathiincarboxylic ascid
chloride (LXXIV) was added 50 ml. of methyl alcohol and the

solution was heated under reflux for 1.5 hr. On pouring the
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reaction mixture into lce water, a solid precipitated from
solution. After recrystallization from 95% ethyl alcohol,
there was obtained 0.2 g. (40.4%) of methyl li~chloromethyl—
6—phenoxathiincarboxylate (LXX1IX), m.p. 96—98°. The presence
of chlorine was indicated by a posltive Belilsteln test.

Anal. Caled. for C,gHy;C1N048: G, 58.72; H, 3.65.
Found: C, 58.43; H, 3.27.

Infrared Spectrum (Model 137-B, No. 6904): 3500(w,
broad), 2900(w, broad), 1730(s), 1710(sh), 1600(w), 1575(w),
1410(w), 1285(m), 1260(w), 1235(w), 1210(w), 1180(w),
1150(w), 11z20(m), 1090(w), 975(w, broad), 890(sh), 870(m),
800(m), 775(sh), 760(s), T25(s).

Preparation of Actlvated Manganase Diloxide. A

mixture of 111.0 g. of manganese sulfate monohydrate, 160 mi.
of water, and 117 ml. of 40% sodium hydroxide was added to

a hot solution of 96.0 g. of potassium permangangte in 600
ml. of water over a period of 45 min., and the resulting
mixture was stirred for 3 hr, at room temperaturs. The
manganese dioxlde was collected by filtration and was washed
several times with 200 ml. portions of water. After drying

the solid, there was obtalned a nearly quantitative yileld

of black manganese dioxidae.

Preoparation of U—Formylphenoxathlin(LXXXII). To
1.0 g. (4.35 mmoles) of L~hydroxymethylphenoxathiin(LxX)
dissolved in 50 ml, of tetrahydrofuran was added 10 g. of

activated manganese dioxide. The progress or the oxidation
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was followed by the decrease in the 3300 em.”Y band due to
the lL-formylphenoxethiin(IXXXII) being produced. After 3
hr. the oxldation wus complete. The manganese dioxide was
removed by filtration and the solvent from the filtrate was
rallowed to evaporate leaving a light brown residue. The
residue was recrystallized from ligroin (66~75°) to give
8.2 g. (82.3%) of pure L~formylphenoxathiin(LXXXII), m.p.
91.5-93.0%°. The produet gasve & positive 2,li—dinitrophenyl—
hydrazine test.

Anal. Calcd. for C,4Hg0,S: C, 68.41s H, 3.54.
Found: ¢, 68.34; H, 3.L4L9.

Infrared Spectrum (Model 137~B, No. LL480): 2800(w),
1695(s), 1600(m), 1550(m), 1L470(m), 1425(sh}, 1410(s),
1395(s), 1275(m), 1250(s), 1225(m), 1210(w), 1175(m),
1130(m), IOBd(w, broad), 1030(#, broad), 975(w, broad),
950(w, brosd), 890(s), 875(m), 810(s), 780(s), 770(m),
755(w), 730(m), 675(sn).

Ultreviolet Spectrum: xz§§13 275(log ¢ 3.89),
350(sh), 362.5(log ¢ 3.70).

Oxidation Reactions Leading to I —Phenoxathlincar—

boxylic Acid(LII). Procedure A — Oxidations of l~hydroxy-
methylphenoxathiin(LXX) with commercisl hypochlorite,
Chlorox, with or without sodium hydroxide and in the presence
or absence of a tetrsahydrofuran solvent gave products with
wide melting point ranges showilng bands in the Infrared

spectra at 3300 cm. T due to hydroxy end 1695 cm.”L due to
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aldehyde. These products gave 2,L~dinitrophenylhydrazones
in poor yields. 41l attempts to purlfy these products failed.

Procedure B -- Oxidations of L—formylphenoxathiin
(LXXXII) with silver oxide with or without chloroform as
solvent gave only starting material after the reaction was
allowed to stir at room temperaturs for several hours.

Procedurse C — Heating a solution of L—formylphenoxa—
thiin(LXXXII) in the presence of oxygen gave only recovered
starting material.

Procedure D — To 1.0 g. (L.35 mmoles) of L—formyl—
phenoxathiin (LXXXII) in 50 ml. of carbon tetrachloride was
added a 10% solution of bromine in carbon tetrachloride
until the solution retained a red color even after gentle
heating. The carbon tetrachloride was removed by flash
distillation under reduced pressure, and the solid residue
was stirred with a 5% solution of sodium hydroxide. Fil—-
tratilon of the mixture and acidlfication of the filtrate
with a 5% hydrochloric acid solution gave 0.11 g. (10.3%)
of l—phenoxathiincarboxylic acid(LII), m.p. 173-176°.
Superimposability of the infrered spactrum of lL—phenoxathiin-
carboxylic acid(LII) with that of an authentic sample pre—
pared by the reaction of phenoxathlin(L) with n-butyllithium
(XLI) and the mixture melting voint of the two solids showed

that the compounds were identicsl.
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Preparation of lL—Formyl—6—Phenoxathiincarboxvylic

Ac1d(IXXXIV). ©Procedure 4 — To 0.5 g. (1.82 mmoles) of L—

hydroxymethyl—6—phenoxathiincarboxylic acid(LXXI) was added
15 ml. of dimethyl sulfoxide, and the solution was heated
under reflux for 2 hr.. with oxygen bubbling through the
solution. The solution was poured into 5 ml, of water
causing the precipitation of an orange solid. The solld was
then remnoved by filtration, and was washed several times
with water to givs a compound, m.p. 237-—242°, which gave a
positive 2,li~dinitrophenylhydrazine te3t. Recrystalliza—
tion of the solld was effected by heating with ethyl alcohol
and adding water untll cloudlness persisted in the hot
solution. This procedure gave 0.2 g. (I}0.5%) of l~formyl—
6—~phenoxathiincarboxylic acid(LXXXIV), m.p. 2Lh2-2LL".

The yield of LXXXIV could be increased to 66.7%
by using a smaller amount of dimethyl sulfoxide and bubbling
the oxygen through the solution until a solid began to
settle out of solution and signs of charring of the solid
were evident. At thls time the reactlon was termlnated and
worked up as described gbove,

Dus to the 1nhersnt dangers of fire in this latter
procedure, the former procedure was used with the concommi-—
tant decrease in yileld.

Anal. Caled. for Cy)HgOpS: C, 61,763 H, 2.96.
Found: C, 62.17; H, 2.85.

Infrared Spectrum (Model 337, No. 2386): 3325(w),
3050(w), 2900(w}, 1720(sh), 1680(s), 1600(m), 1575(sh),
1555(m), 1510(w), 1450(s), 1L425(s), 1390(s), 1270(sh),
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1250(s), 1160(m), 113G(m), 1085(m), 1050(m), 1000(w),
975(w), 920(s), 880(s), 850(w), 810(m), 785(sh), 775(s),
755(s), 730(w), 710(s), 700(w).

Procedure B — Heating a mixture of manganese dioxlde
and li--hydroxymethyl—6—phenoxathiincarboxylic acid(LXXI)
resulted in the formation of & very impure product showing
a cuarbonyl stretching absorption band due to aldehyde and
acid as well as a hydroxyl stretching absorption bend for
alcohol and acld in the infrared spactrum. Attempts to

purlfy the vroduct were unsuccessful.

Preparation of l,6—~Phenoxathiindicarboxylic Acid-
10—~0xide (LXXXV) . To 5.0 g. (18.2 mmoles) of lL~hydroxymethyl-

6~phenoxathlincarboxylic acid(LXXI) was added 50 ml. of con—

centrated nitric acild. The L—~hydroxymethyl—b6--phenoxathiin—
carboxylic acid(LXXI) dissolved immediately with the evolu—
tion of brown—red nitrogen dioxide. A solild started to
precipitate from the solution after 3 hr. standlng at room
temperature, and the precipltate continued to form during a
period of 30 hr. The preclpitate was removed by filtration,
was washed with water, and was recrystallized from methyl
alcohol to yileld 4.3 g. (82.7%) of l,b-phenoxathiindicar—
boxylic ecid—10—ox1ide (LXXXV), m.p. 288-290°. An analytical
sample prepared by repeated recrystalllizstion from methyl
alcohol, melted at 294--296°,

Anai. Caled. for Cy)HgOsS: G, 55.263 H, 2.65.
Found: €, 55.58; H, 2.37.
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Infrared Spectrum (Model 137—B, No. 658lL): 2900(m,
broad), 2400(w), 1720(sh), 1700(s), 1640(w), 1600(m),
1590(w), 1470(w), 1460(w), 1Lh20(s), 1280{m), 1240(w),
1210(w), 1150(s), 1100(m), 1050(s), 9L0(m), 925(m), 890(s),
850(m), 825(m), 775(s), 735(sh), 725(s), 700(w, broad).

Heating the filtrate containing nitric acild at 70°
for an additional 12 hr., cooling, and adding water did not
yield further preclpitate. Neutralization of the filtrate
with a LO% sodium hydroxide solution caused the preciplta~
tion of tar.

In one experiment using this procedure the solution
of concentrated nitric acid and l—hydroxymethyl~b~phenoxa—
thiincarboxylic acid(LXXI) was stirred with a magnetic
stirrer. >Pfecipitation occurred after 15 min. of stirring
and was complete after 2 hr, The precipitate was removed by
filtratlon, was washed with water, and was dried to glve a
solid, m.p. 278-285°., On the assumption that the solid was
impure l,6~phenoxathiindicarboxylic acid-10—oxide (LXXXV), 1t
was stirred with 57% hydriodic acid to yleld a product, m.p.
250-258“, whose infrared spectrurm had a carbonyl band
(broad) at 1700 cm._i. The compound has been assigned the
structure of impure L—formyl—b6~phenoxathiincarboxylic acid
(LXXXIV) based on the similarity of the infrared spectrum
with that of suthentic 4~formyl-6—phenoxathiincarboxylic
ac1d (LXXXIV), preparad from the reaction of lL-hydroxymethyl-—
6—phenoxathiincarboxylic acid(LXXI) and dimethyl sulfoxide, a

positive 2,L—~dinitrophenylhydrazine test, and solubility in
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a 5% sodium hydroxide solution. When the product of melting
polnt 278--285° was vlaced in concentrated ritric acid and
stirred for 12 hr., & compound, m.p.»265—287°, was obtained.
This compound gave a positive 2,h—dinitrophenylhydrszine test,
and the Infrared spectrum showed s carbonyl absorption
(broad) band at 1700 cm."'1 and sulfoxlide absorption at 1050
em. . ‘The compound was accordingly as3igned the structurse
of impure L—formyl--6—phenoxathiincarboxylic scid-10-oxide
(LXXX). A1l attempts to purify this compound by recrystal—
lization from various solvents were unsuccessful., The
product of melting point 250-258° was converted into l,6—
phenoxathiindicarboxylic acid(LXVIIa) by resction with silver
oxlde. That the hydriodic acid d4id not convert l,6-phenoxa-—
thlindicarboxylic acid-10—oxide (LXXXV) partially to l~formyl-
6~phenoxathiincarboxylic acid(LXXXIV) was proven by the
fact that when l,6-—phenoxathiincarboxylic acid—10—~oxide (LXXXV)
was heated gently for 6 hr. with 57% hydriodic acid, only
Ly, 6~phenoxathiindicarboxylic acid(LXVIIa) was obtained, -
Superimposability of the infrared spectrum of l,b6-—phenoxa—
thiindicarboxylic acid(LVIIa) with that of an authentic
sample of (LVIIa) prepa?ed by the reactlon of phenoxathiin
(L) with 2 equivalents of n-butyllithium(XLI) and a mixture

melting point of the two solids showed that the compounds

wore ldenticagl.
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Freparation of g,6—Phenoxathiindicarbbxy;jc Acld
(LXVIla)., ©Procedurs A — To 1.6 g. (5.53 mmoles) of lL,6-

pheroxathiindicarboxylic acid--10—oxide (LXXXV) was added 15
ml. of a 57% hydriodic acid solution giving an immediate
black cecloration of the reaction mixture dus to the presence
of lodine. After stirring for 3 hr. the reaction mixture
was poured Into water, and was heated at the boiling temp-—
erature for approximately 0.5 hr. after tae 1odine colora—
tion disappeared. On cooling the mixture, 1.3 g. (86.5%)

of pure l,6-phenoxathiindicarboxylic acid(LXVIIa), m.p.
269-271%, was obtained.

Superimposabllity of the iInfrared spectra of the
above compound (LXVIIa) and the L,6—phenoxathiindicarboxylic
acld (LXVIIa) obtained from the reaction of phenoxathiin(L)
with 2 equivalents of n~butyllithium(XLI) and mixture
melting point of the two solids showed that the compounds
were l1ldentical.

Anal. Calcd. for Cy),HgOgS: ©C, 58.33; H, 2.80.
Found: C, 58.73; H, 2.L7.

The reduction of (LXXXV) by treatment with a 25%
hydriodic acld solution with stirring for 2L hr. gave a
product of melting point 262-282°, Recrystallization of the
solld from various solvents failed to purify the compound.

- An i;ffared spectrum of the compound indlicated that it was
a mixture of li,6—phenoxathiindicarboxylic acid(LXVIIa),
hydroxy (OH) stretching vibration at 3400 cm.—l, and i, 6~

phenoxathiindicarboxylic acid-10—oxide (LXXXV), sulfoxide
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(S+0) stretching vibration at 1050 cm. Y. The latter
compound (LXXXV) did not show the hydroxy (O0H; stretching
vibration at 3,00 cm.” L,

The followilng procedures removed entrapped lodine
from li,6—phenoxathiindicarboxylic acid(LXVIIa) in batches
of le3s than 2 g., but, failed to do so in batches greater
than 2 g. (1) The impure compound was heated with water
until the iodine color disavpeared., (2) The impure com—
pound was dissolved in acetone, and the solution wasg allowed
to evaporate.

The followlng procedures failed to remove antrappsd
iodine from l,6-phenoxathiindicarboxylic acid(LXVIIa) in
varlous slzed batches: \(1) recrystallization, (2) axtrac—
tion of the lodine from the crude solid with ether, and
(3) extrection of the iodine from ths crude solid with
carbon dilsulfide.

The best procedure found to remove entrapped iodine
from l,6-phenoxathlindicarboxylic acild(LXVIIa) in various
slzed batches was'ﬁo stir the impure compound with a satur--
ated aqueous solution of sodium thiosulfate, thus converting
the lodine into iodide ions. The l,6—phenoxathilndlcar—
boxylic acid(LXVIIa) was not affected by thls treatment and
led to the recovery of pure l,6-phenoxathiindicarboxylic
acid (LXVIIa) in 94.3% yield.

Procedure B — To 0.41 g. (10.3 mmoles) of sodium
hydroxide in 5 ml. of water was addad with stirring 0.89 g.
(5.25 mmole) of silver nitrate causing the precipitation

of brown silver oxide. kTS the resulting mixture wes added
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0.561 g. (2.5 mmoles) of L4—formyl—bt—phenoxathiincarboxylic
acld(uaxaLV). After stirring the mixture for L hr., at

room temperature, there was‘@d evidence of formation of a
silver mirror. Therefore, the mixture was heated gently

for an additional 4 hr. A black colored product separated,
and a silver mirror formed on the sides of the reaction
vessel. The mixture was then filtered, and the residue was
washed with warm water. -4 5% hydrochloric acid solution was
added to the cool filtrate to cause the precipitation of a
solid which, after recrystaiitization from ethyl alcohol,

and water, gave 0.55 g. (76.5%) of pure l,b—phenoxathiin-—
dicarboxylic acid(uAV;La), m.p. 167=169°, Superimposability
of ﬁne 1nfrared spectrum of this compound (LXVIIa) with

tnat of the l,6-phenoxathiindicarboxylic acid(LXVIIa)
obtained by procedure A and mixture melting point of the

two sollds showed that they were ldentical.

Procedure C — To a suspension of silver oxide,.
prepared by mixing a solution of 2.4 g. (1lh.L mmoles) of
silver nitrate in 10 ml. of water with 1.2 g. (28.8 mmoles)
of sodlum hydroxide in 10 ml. of water, was added 1.0 g. |
(3.6 mmoles) of l~hydroxymethyl—b—phenoxathiincarboxylic
acid(LXXI). An additional 0.5 g. (12.5 mmoles) of sodium
hydroxide was added after 1 hr, and the mixture was heated
at 40° for 12 hr. The reactlon mixture was then cooled
and flltered, and the residue was washed with water. ?he
filtrate was acidified with a 5% hydrochloric acid solution
causing the precipitation of a solid, which on recrystal—
lization from ethyl alcohol and water ylelded 0.2 g. (21.1%)
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of pure l,6—phenoxathiindicarboxylic acid(LXVIIa), m.p. 268—
271°. Superimposability of the infrared spectrum of this
compound with that of the l,6-phenoxathiindlcarboxylic acid
(LXVIIa) obtained by procedure A and the mixture melting

point of the two solids showed that the compounds were

identical.

Procedures Unsuccessful for the Preparation of l,6—
Phenoxathiindicarboxylic Acid(IXVITa): (1) The oxidation of
li~hydroxyme thyl—6~phenoxathiincarboxylic acid(LXXI) with

chromic acid caused the oxidation of the sulfilde linkage to
the sulfoxide and gave an ilmpure product. (2) The oxida-—
tion of L-hydroxymethyl—é~phenoxathiincarboxylic acid(LXXI)
with bromide in chloroform gave a very impure compound with
an infrared spsctrum showing bands characterlistic of the
starting material as well as bands characteristic of L,66—
phenoxathlindicarboxylic acid(LXVIIa)., (3) The oxidaticn
of lL-hydroxymethyl-6~phenoxathiincarboxylic acid(LXXI) by
oxygen in boiling tetrahydrofuran gave an impure product
which gave a positilve 2,hrdihitrophenylhydrazine test.

(L) The oxidation of Y—formyl—6-phenoxathiincarboxylic acid
(LXXXIV) with bromine in carbontetrechloride gave only re—

covared starting materilal.

Preparation of 6—-Phenoxathlindicarboxylic. Acid
Chloride (LXXXVI). To 2.0 g. {6.94 mmoles) of l;,b-phenoxg—

thiindicarboxylic acid(LXVIIa) was added 20 ml. of thionyl
chloride, and the solutlon was heated under reflux for 1.5

hr. The reaction mixture was cooled to room temperature, and
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excess thionyl chloride was raeamoved by evaporation under
aspirator pressure to leave a light green reslidue. The
residue was recrystallized from ligroin (66~75°) to give
2.0 g. (92.3%) of l,b6-phenoxathiindicarboxylic acid
chloride (LXXXVI), m.p. 151-153°,

Anal. Calcd. for Cy)HgCLlp038: C, 51.71; H, 1.86.
Found: C, 52.65; H, 1.86.

Infrarad Spectrum (Model 337, No. 2395): 2900(w,
broad), 1795(s), 1780(s), 1590(m), 1440(m), 1L10(s),
1280(w), 1240(s), 1210(s), 1180(s), 1150(s), 1085(w),
980(sh), 950(s), 935(w), 865(s), 805(m), 785(s), 730(s),
690(m), €70(m), 655(w), 630(w).

An infrared spectrun of a chloroform solution of
ly, 6~phenoxathiindicarboxylic acid chloride(LXXXVI) showed
a single band at 1765 em.” L (s) instead of the 1795 em. L (s),
1780 cm."I(s) doublet.

Preparation of Diethyl N,N'—(l.,6~Phenoxathiinbis—

carbonyl)diglycinate (XCI). To 0.1 g. (0.31 mmoles) of

L, 6-phenoxathiincarboxylic acid chloride (LXXXVI) in 100 ml.
of benzene was added 2.80 g. (2.48 mmoles) of an 8% sodium
bicarbonate solution and 0.087 g. (0.62 mmoles) of glycine
athyl ester hydrochloride (LXXV). The mixture was stirred

for 12 hr. at room temperature. A white solid which had

precipitated during the course of the reaction was removed>
by filtration. The benzene filtrate was separated, and ths

solution was concentrated to give a compound identical with
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the precipitate. On recrystallization of the combined sollds
from 95% ethyl alcohol there was obtained 0.07 g. (49.3%)

of diethyi N,N'—(l,6-phenoxathiinbiscarbonyl)diglycinate (XCI),
m.p. 188-189.5". "

Anal. Caled. for CppHppNp078: C, 57.623 H, L.8lL.
Found: C, 57.85; H, L.95.

Infrared Spectrum (Model 337, No. 2385): 3360(sh),
3330(s), 2990(w), 2950(w), 1750(s), 1730(s), 1660(s),
16L0(s), 1605(w), 1575(w), 1560(w), 1525(s), 1450(m),
1425(s), 1390(w), 1350(m), 1310(w), 1290(m,;, 1275(sh),
1265(s), 12h0(s), 1230(s), 1210(s), 1190(s), 1160(s),
1140(w), 1120(w), 1090(s), 1075(w), 1030(s), 1010(w), 970(w),
940(m), 915(w), 890(m), 875(m), 870(w), 810(m), 800(m),
770(m), 760(s), 720(m), 700(w), 690(w), 650(s), 630(w).

Preparation of Dimethyl NJN?F(h.6—Phenoxathiinbis-

carbonyl)-L(-)—dilucinate(XCII). Procedure A - To 0.45 g.

(1.56 mmoles) of l,6--phenoxathiindicarboxylic acid(LXVIIa)
was added 20-ml. of thionyl chloride, and the solutlon was
stirred for I hr. Excess thionyl chloride was removed by

evaporation under éspirator pressure to give l,6-phenoxa--

thiindicarboxylic acid chloride (LXXXVI) as a yellow solid.
The solid was dlssolved in spectral-grade chloroform ané '
added to 1 ml. of triethylamine and 0.61 g. (3.12 mmoles)

of L(=)=leucine methyl sster hydrochloride (LXXXVII). The

resulting solution was stirred for L8 hr. at room tempera-
ture with no notliceable preclpltation of triethylamine

hydrochloride. The reaction mixture was heated under reflux
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for an additional 5 hr. and was cooled and triethylamine
hydrochloride precipitated from solution. The salt was
removed by filtration, 3and the chloroform wess allowed to
gvaporate to give a viscous oill which could not be solidi-
fied by standard procedures.

Infrared Spectrum (Model 137-B, No. 5235): 3300(s),
2900(s), 17L0(s), 1710(w), 1650(s), 1600(w), 1550(sh),
1510(m),_1440(m), 1410(m), 140O(m), 1373(m), 1340(m),
1280(m), 1200(m, broad), 1160(m), 11lL0(sh), 1120(sh),
1090(m), 1030(3), 979(w), 925(w, broad), 900(w), 875(m),
805 (m), 750(s). .

Procedure B — To a mixture of 26 g. (24..6 mmoles)
of an 8% sodium blcarbonate solution and 0.91 g. (6.16
mmolse) of L(-—)-leucine methyl ester hydrochloride (LXXXVII)
was added 1.0 g. (3.08 mmoles) of l,6—phenoxathiindicar-
boxylic &cld chloride (LXXXVI) in 50 ml, of benzene, and
the solution was stirred for 2, hr. at room temperature.
The benzene phase was separate& and allowed to evaporate
leaving a residual oil which could be solidified by shaking
with cold petroleum ether. On addition of 5% sodium hy—
droxlde to the resulting solld, 1t reverted back to an oll.
The o1l was separated and shaken with 5% hydrochloric acid.
The o1l was then separated and stlrred with cold petroleum
ether to give 0.9 g. (53.8%) of dimetﬁyi N,N'—(l, 6-phanoxa—
thiinbiscarbonyl)-L(~)~dilucinate (XCII), m.p. 60-62°,

[a] 12)“ —30.6" (C 0.271, absolute ethyl alcohol).
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Anal. Calecd. for CpgHgyNp073: C, 61.97; H, 6.32.
Found: C, 61.60; H, 6.38.

Infrared Spectrum (Model 137-B, No. 7093): 3300(m),
2900(m), 1750(s), 1730(sh), 1670(s), 1640(s), 1600(w),
1550(sh), 1510(s, broad), 1470(sh), 1440(m), 1L41l0(s),
1350(w, broad), 1325(sh), 1280(m), 1210(m, broad), 1160(m),
1140(sh), 1090(m), 1075(sh), 1030(m), 990(w), 970(w),
925(w), 900(w), 875(m), 830(m), 810(m), 760(s), 730(w,
broad).

Ultraviolet Spectrum: 7\ﬁ:gH 303 mp (log ¢ 3.7L0).

Preparation of Disathvl N, N'—(l K 6—Phenoxathiinbis—
carbonyl)-IL (~)~dilucinate_Monohydrate (CIII). To 0.18 g.
(0.6 mmole) of l,b-phenoxathiindicarboxylic acid chloride

(LXXXVI) was added 0.235 g. (1.2 mmoles) of L(-)-leucine
ethyl ester hydrochloride (LXXXI) in 10 ml. of benzene and
5.0 g. (4.8 mmole) of 8% sodium bicarbonate solution. The
mixturé was stilrred for 15 hr. and the solvent wgs allowed
to evaporste lecving an oil. After washing the oil with 5%
hydrochloric acid and 5% sodium hydroxide solutions, 1t wes
taken up in hot absolute ethyl alcohol—petroleum ether, and
the solution wss gllowed to evaporate to give diethyl N,N'-
(l4,6~phenoxathiinbiscarbonyl )—L(=)=diluec inate monohydrate
(CIIT) as a white solid, m.p. L5-47".

Anal. Caled. for 030H38N207S: C, 63.1; H, 6.71.
Caled. for C3gHygN,07S8:Hy0: €, 61.20; H, 6.86.
Found: ¢, 61.22; H, 6.71.
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Infrared Spectrum (Model 137-B, No. 6732), 3350(m,
broad), 2900(m), 17L0(s), 1710(w), 1650(m, broad), 1600(w),
1550(w), 1510(w, broad), 14L0o(w), 1410(w), 1350(sh),
1280(m), 1210(w, broad), 1160(m), 1140(sh), 1120(sh),
1090(m), 1G30(m), 970(m), 950(w), 925(w), 900(w), 875(m),
810(m), 750(w), 725(s, broad).

Prepargtion of Dimethyl N, N'—(hL,6—Phenoxathilinbig—
carbonzlt:Lf-[~diQhenxlalaninate(XCIII}. To a mixture of
26 g. (2L.6 mmoles) of an 8% sodium bicarbonate solution and

1.34 g. (6.1 mmoles) of L(—~)~phenylalanine methyl ester

hydrochloride (LXXXVIII) in 100 ml., of benzene was added 1.0

g. (3.08 mmoles) of L,6b—phenoxathiindicarboxylic acid chloride

(LXXXVI) in 100 ml. of benzense, and the mixturs was stirred

for 2l hr. at room temperature. The benzense layer was

separated and allowaed to evaporatg to leave an o0ll as resi~-

due. The 01l solidifiled on stirring with petroleum ether

in the cold. After treatment of the solid with 5% sqdium

hydroxide and with 5% hydrochloric acid there was obtained

1.2 g. (63.8%) of dimethyl N,N'-(l,b-phenoxathiinbiscarbonyl )}
- L(-)-diphenylalaninate (XCIII), m.p. 71~73°, (a] ]23” ~37.5°

(C 0,306, absolute ethyl alcohol). |

Anal. Caled. for Cg3)H3oNp07S: C, 66.86; H, L.95.
Found: €, 66.75; H, 5.10;

Infrared Spectrum (Model 137-B, No. 7094): 3300(m,
broad), 3000(w), 2900(w), 1750(s), 1730(sh), 1660(s, broad),
1600(w), 1550(sh), 1510(s, broad), 14LO(m), 14L10(s),
1350(sh), 1280(w), 1250(sh), 1210(m, broad), 1180(w),
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1160(w), 1140(w), 1110(m), 1090(w)., 1075(w), 1030(m),
990(w), 970(w), 925(w), 900(w), 875(m, broad), 860(w),
830(m), 810(m), 750(s, broad), 71l0(s).

Ultraviolet Spectrum: 7\i:2H 303 mp (loge 3.782).

An Attempt to Cyelize li 6-Phenoxathiindicarboxylic
Acid Chloride (LXXXVI) with Ethvlene Glycol(XCIV). To a
solution of 2.45 g. (7.5 mmoles) of l,6—phenoxathiindicar—
boxylic chloride (LXXXVI) in 100 ml. of anhydrous benzene was
sdded 0.47 g. (7.5 mmoles) of ethylene glycol(XCIV) during
0.5 hr.. Stirring of the resulting solution was continued
for 18 hr. The benzene wuas allowed to evaporate to leave a
resldus whose Infrarad spectrum shows a carbongl absorption
band at 1780 cm._1 (C=C1) and at 1720 om. L (G_OR). The
product was stirred with a 5% sodium hydroxldas solution
overnlght, and the ingoluble product was 1lsolated by fil-
tration to give 0.4 g. of residue having the following
Infrared spectrum (Model 137-B, No. 6906): 3400(s, broad),
1720(m), 1650(w), 1620(m), 1600(s), 1550(w), 1450(sh),
1410(s), 1400(w), 1280(sh), 1260(m), 1220(m), 1200(m),
1150(w), 1120(w), 1085(m), 1030(m, broad), 910(w), 890(w),
850(w), 810(s, broad), 770(s), 750(m), 725(w). The compound
was assumad to be bls (2-hydroxyethyl) l,6—phenoxathiindi-
carboxylate(CIV), Acidification of the filtrate yielded
I, 6~phenoxathiindicarboxylic acid(LXVIIa), m.p. 263-268°.
Superimposabllity of the infrared spectrum of l,6—~phenoxa-—
thiindicarboxylic acid(LXVIIa) with that of an authentic
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sample of (LVIlia) prepared by the reaction of phenoxathiin
(L) and 2 equivalents of n-butyllithium(Xul) and the mixture
melting point of the two sollds showed that the compounds

were ldenticsal.

: Reaction of li,6—Phenoxathiindicarboxylic Acid

Chloride {(LXXXVLl) with O-Phenvlisnedlamine(xCV). 4 solution

of 3.1 g. (2.83 mmoles) of O-phenylenediasmine(XCV) in 50 nl.
of benzene wgs added over 1 hr. to a mixture of 0.9z g.
(2.83 mmoles) of lj,b-phenoxathiindicarboxylic acld chloride
(LXXXVI), 2.40 g. (22.6 mmoles) of 8% sodium bicarbonsats,
and 50 ml., of benzene. On stirring for 5 hr. a solld pre—
cipltated from solution and was collected by filtratlon,
The solid was washed with 5% sodium hydroxide and 5% hydro—
chloric acid to give a solid, m.p. 250-325"., The benzene
filtrate was'allowed to evaporate to give a solid, m.p. 250—
3300. The two solids were combined and recrystallized from
95% ethyl alcohol and water to give 0.187 g. (18.2%) of pure
compound, m.p. 325-326°, presumed to be the cyclic adduct
(Xcvi).

Anal. Caled. for CpgHypNp03S: C, 66.65; H, 3.36;
N, 7.77. Found: G, 66,62; H, 3.41; N, 8.05.

Infrared Spectrum (Model 137-B, No. 6713): 34.00(m),
3300(m), 2900(m), 1690(s), 1650(s), 1600(m), 1590(w),
1550(s), 1500(m), 1450(s), 1Lh20(s), 1340(s), 1290(s),
1260(s), 1240(s), 1210(w), 1195(w), 1160(m), 11l20(w),
1090{w), 1080(w), 975(w), 955(m), 945(m), 935(m), 880(w),
875(m), 800(m), 790(m), 760(s), 7hLO(s), 720(s), 705(m).
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Preparation of Phenoxathiin-10-Oxide (XCVII). Pro—
cedure A — To & boiling solution of 15.0 g. (0.075 mole)} of
phenoxathiin(L) ir 350 ml. of 95% ethyl alcohol was added
45 ml. of a 30% hydrogen peroxide solution. After heating
under reflux on the steam bath for 3 hr., the solution was
treated with an additional 30 ml. of 30% hydrogen peroxide.
Heating was continued for an addltional 9 hr., and the solu—
tion was allowed to cool overnight. The solutlon was re-—
duced 1in volume to 100 ml., and hot water was added until a
cloudiness persisted in the hot solution. On cooling the
gnlution in an ice bath there was obtained 16.2 g. of a
white solid, m.p. 1u8-156°. Hecrystallization of the crude
s01id from ethyl alcohol and water gave 12.6 g. (77.7%)
of phenoxathiin-l0-—oxide(XCViL), m.p. 154=156°3 Lit. (52),
m.p. 152-153°,

Procedure B — To a solution of 10 g. (0.05 mole) of
phenoxathiin(L) in 200 ml. of glacial acetlic acid wes added
100 ml, of concentrated nltric acid and the resulting solu-—
tion was warmed for 1.5 hr. On pouring the mixture into
ice—water, there was obtained 8.2 g. (76.0%) of phenoxa—
thiin—10-oxide (XCVII), m.p. 156-159°; Lit. (51), m.p. 151-
154°,

Procedure C ~ To a boiling solution of 20 g. (0.10
mole) of phenoxathiin(u) in 300 ml. of 95% ethyl—alcohol
was added 45 ml. of a 30% sulfuric acid solution, and the
mixture was heated under reflux on the steam bath for 3 hr.

Heating was continuved for an additional 9 hr, after 30 ml.
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of a 30% hydrogen peroxide séiufion was added. The solution
was concentrated to 100 ml., and hot water was added to thse
hot solution until turbidity persisted., The precipitate
vas collected anc recrystalllized from methyl alcohol with
Norit treatment to give 13.0 g. (60.2%) of phenoxathiin—10—
oxlde (XCVII), m.p. 155-158°: vLit. (52), m.p. 154-156°.

Anal. Calecd. for ClZHBOZS: C, 66.65; H, 3.73.
Found: ¢, 67.17; H, 3.48.

Infrared Spectrum (Model 137-B, No. 3045): 2900(w,
broad), 1580(s), 1480(w), 1h50(s), 1430(s), 1270(m), 1220(m),
1180(w), 1160(w), 1130(m), 1085(w), 1070(w), 2040(m, broad),
uo(w), 885(s), 875(s), 8z20(m), 770(s;, 760(s), 730(w),
720(w), 675(m).

Ultraviolet Spectrum: 7\22213 275(sh), 293(sh),
299(log € 3.613).

The Reaction of Phenoxathiin-—10-Oxide (XCVII) with

Three Equivalents of n—Butyllithium(XLI). To & suspensilon

of 21.6 g. (0.10 mole) of phenoxsthlin-10-oxide (XCVII) in
300 ml. of anhydrous ether at —3C° wss added 126.8 g. (0.30
mole) of a 15,15% solution of n-butyllithium(XLI) in hexane,
and the mixture was stirred in a sealed nltrogen atmosphere
at —30" for 2 hr. The reaction mixture was then poured onto
a slurry of solid carbon dioxide in ather and was allowed to
stir in a hood until all the solild carbon dloxide and ether—
hexane solvent had evaporated. The sticky residue weighed
45.0 g. This residue was then extracted for 75 hr, in a
Soxhlaet extractor with ligroin (66-75°).
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Evaporation of the ligroin extracts laft 15.1 g.
of a'1ijuild residue. Attempted distillation of the residue
under reduced pressure caused extensive decomposition. Re-
crystallization of the pot residue of this attempted die—
tillation from methyl alcohol gave L.6 g. of starting
phenoxathiin-~10—oxide (XCVII).

The solld left behind in the Soxhlet thimble weighed
28.2 g. This solid was stirred with 150 ml. of water and
the insoluble material was removed by filtration to give
an additional 2.1 g. of phenoxathlin-10—oxide (XCVII).

Acldification of the filtrate with a 5% hydrochloric
acld solutlon gave on filltration an aqueous filtrate and
a sticky brown residue.

This filtrate was saturated with sodium chloride &nd
extracted with ether and pentane. The extracts were separ—
ated and subjected to flash distlllation under reduced
pressure to leave 16.5 g. of a liquid residue, which on
distillation gave 11.2 g. of valeric acid, b.p. 170-176°;
Lit. (62), b.p. 184°." The infrsred spectrum of this
product was ldentical wlth authentic valeric acid.

The sticky brown residue was brought into solution
by stirring with 10C ml. of warr benzene. On cooling the
benzene solution 0.4 g. of 2,2'-dicarboxydiphenyl ether(C),
m.p. 221—230°, precipitated from solution. Recrystallization
from 2-butanone gave pure 2,2'--dicarboxydiphenyl ether(C),
m.p. 226-228°; Lit. (53,54), m.p. 229-230°. F:J.ctfaction of
the benzene solution with a 5% sodium hydrgxide solution

and acidification of the aqueous extract with a 5% hydro-—
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‘echloric acid solutlon gave no acldic product.

Infrared Spectrum (Model 137-B, No. 3097) — 2,2'-
Dicarboxydiphenyl Ether(C), m.p. 221-230°: 2900(s, broad),
2300(w), 2200(w), 1680(s), 1575(w), 1460(s), 1L20(m),

1280 (w), 1240(m), 1170(m), 1140(m), 1090(m), 1050(w},
950(s), 890(m), 875(w), B25(m}, 805(sh), 760(s), 725(w),
695 (m).

Infrared Spectrum (Model 137-B, No. 3253) — Valeric
Acid: 3000(s, broad), 2700(w), 1720(s), 1470(m), 1410(m),
1390(w), 1280(m, broad), 1200(m, broad), 1100(m), 1050(w,
broad), 940(s), 830(w, broad), 750(m).

Preparation of D(+)—Percamphoric Acid(CIV). To
200 ml. of water at O was added, with vigorous stirring
and with cooling during 0.25 hr., 4.3 g. (0.056 mole) of
gndium pernxide. A 3olutlon of 10 g. (0.05 mole) of D(+)—
camphoric anhydrlde was then added to thls solution during
1l hr, The mixture was stirred for 1 hr,, and then the ether
layer was sepsrated and replgced with 200 ml. of fresh cold
ather. The mixture was then acidified with 25 ml. of cold
6N sulfuric acid and was stirred for approximately 1 min.
The ether layer was separated, was shaken with 100 ml. of a
satufated ammonium sulfate solutlon to remove any free
hydrogen peroxide, and was dried overnight at 0° with sodium
sulfate. The solvent was removed by flash distillation at
reduced pressure leaving 8.0 g. of a mixture consisting of

51.3% D(+)—percamphoric acid(CIV), as a viscous oil, [a] gé
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(+) 59.4%; Lit. (59), [a] %5 (+) 55.1° (¢ 5.0, chloroform).

Cold petroleum ether falled to cause the product to
solidify. The D(+)—percamphoric acid(CIV) was dried and
stored In a vacuum descicator over concentrated sulfuric
ecid.

The paracid content of the 8.0 g. product was de—
termined to be 51.3% by titration of solutions of 0.4N
acetlc acld, potassium lodide and 0.20 g. semples of the
impure peracld(CIV) with 0,0207N sodium thiosulfatae.

Repetlition of this procedure gave & mixture con—
sisting of 29.56% D(+)=-percamphoric acid(CIV) as a solid.

The low yield of D(+)-percamphoric acid(CIV) appar—
ently results on long periods of standing. This was evi-—
denced by & decrease in the percent of D(+)-psrcamphoric
acid(CIV) from 51.3% to 5.5% on storing in a vacuum desci-—
cator over concentrated sulfurlc ecid for 2 weeks,

Infrared Spectrum (Model 137-B, No. 6969): 3200(s,
broad), 2950(s), 1720(sh), 1700(s), 1500(sh), 1480(sh),
W7¢(3), L400(sh), 1380(m), 1320(w), 1280(w), 1240(w),
1200(w), 1150(w, broad), 1120(w), 1045(m), 875(m, broad),
800({m, broad), 760(m).

Regctlion of D(+)-Percamphoric Aclid(CIV) with Dimethyl
i 1,6-Phenoxathiindicarboxylate (LXVIIIC). Procedure A - A
mixture of 0.709 g. (2.2 mmoles) of dimethyl 1,6-phenoxa—

thiindicarboxylate (LXVIIIC) and 3.28 g. (4.48 mmoles) of
29.56% D(+)-percamphoric acid(CIV) in 150 ml. of chloroform

wag stirred for two days at =12°, 4An aliquot was removed
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end tested for the presence of D(+)-percamphoric acid(CIV)
by the addltion of smgll amounts of potassium ilodide. An
immediate 1odine coloration indicated the presence of D(+)-—
. percamphoric acid(CIV). After stirring an additional two
days &t 30°, the solution still gave a positive potassium
lodide test. After stirring for stlll an additional two
days at room temperature, the potassium iodide test on an
aliquot of the solutlion gave only a trace of iodine colora-—
tion. A solid, which had settled out of solution during |
the reaction, was removed by filtration and was found to be
D(+)—camphoric acid, based on its solubility in 5% sodium
"hydroxide and superimposability of 1its infrarad spectrum on
the infrared spsctrum of an authentic samplé. The filtrate
wag allowed to evaporate to leave 1.143 g. of solid residue.
The weight of the residue——higher than theoretical—indica-—
ted that 1t contalned some aclid Impurity and so it was
stirred with 5% godium hydroxide. The undissolved solild
wgs removed by filtration to leave 0.469 g. (60.3%) of di-
methyl 1,6-phenoxathiindicarboxylate—10-oxide(CII), m.p.
146-149°. An analytical ssmple prepared by two recrystal-
lizations from 95% ethyl alcohol, gave a melting point of
149-151°.
The filtrate from filtration of the sodium hydroxide
mixture was acidified to yield D(+)-camphoric acid, as shown
‘by superimposabllity of 1its infrared spectrum with that of

authentic sample,
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Anal. Caled. for CqgHyp0gS: C, 55.17; H, 3.L5.
Found: C, 55.56; H, 3.42.

Infrared Spectrum (Model 137-B, No. 7321): 3400(w),
2950(w), 1740(s), 1610(m), 1580(m), 1475(sh), 1430(s),
1340(m), 1320(sh), 1290(w), 1275(w), 1240{w), 1220(w),
1210(w), 1180(sh), 116C{m), 11LO(m), 1090(w), 1075(w),
1005(m), 980(w), 940(m), 865(m), 855(m), 830(m), 815(m),
765(s), 755(w), 740(m), 720(w).

Procedure B — Repstition of Procedure A with 1.0 g.
(2.38 mmoles) of 51.3% D(+)-percamphoric acid(CIV) and
0.5 g. (1.58 mmoles) of dimethyl l,6—phenoxathiindicarboxy-—
late (IXVIIIC) at 0° for 24 hr, gave an impure product, m.p.
126-128°. On treating an aliquot of the product with
potassium lodide and acetlic acld, a faint lodine coloration
was noticed. No optical activity was observed for this
product. Recrystallization of the solid gave impure dimethyl
ly, b~-phenoxathiindicarboxylate—10—dioxide (CII), m.p. 143-145°.
Superimposability of the infrared spectrum of this compound
(CII) with that of dimethyl l,6-phenoxathiindicarboxylate—
10—-diox1de(CII) prepared in procedure A showed that the two

solids were identical compounds.
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TABLE I

Nuclear Magnetic Resonance Spectra of Substituted Phencxsthiin

R? 5 R
H 7 6/0 h H
H 8 a 2 n
Pol
10 1
RH ~~

Substit— Chemical Shift Number of
uent Solvent (P.P.l1.)~from TMS Hydrogens Jyglc.p.s.) Assignment
R=H
R'=H CCl)_L | 6.9h(single‘b) Aromatic
R"=H

0

il
R=C—0H 7.32(complex) 6 _ Aromatic
R'=H DMSO. 7.72(Quartet)™ 1 ortho — 8.0 Position 3

meta — 2.5

R"=H

0 (a)

i
R=C-H 7.11(complex) 6 Aromatic
R'=H c01, 7.65 (Quartet)™ 1 ortho — 7.5 Position 3

meta — 2.5

clt



113

(p) 4 (3eT3urs)fiLf

(2) g°¢ — e 2 (2eTqnop) gt 100 Hclwan.m
(q) g*9 — efq 2 (283aE0d) 21 mmOleololw
(8) (a) o
(8) §°9 — q‘s € (3e1dTa3)2e T lmmolmZIwum

o

(°) (8) 0

G*g — 338U

€ uor3Tsod  G°L — Ooydce T (363280B) 59" ) B=,4
OT 9 300y g (xe1dwo o) iT°/ .:Hou Holwm%u i
(8) 2 (aeT3urs) Ly Ho:mum

0
oT g BUWOIY 2 (xe1dwo2)gg-9 =, 4
(a) 2 (28T9uTs)59° % 100a H=34

- Crra—<

B T (a613urs)/)g-2 HO—CHO=YH

e (8) (9
(8) 1 (3613uTs)19°01 H=,4
queuuUITSs Y A.w.o”.ovmmh sue3oapAl SHWL woaJ—(°*H°d°4d quBeATOg quen
Jo Jequmy 32JTUS T®oTWEY) —31T35qns

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



11l

SN
G2 — uvaew o )
199 SUOT3TEOd  G*L — OUjIO 2 L(30380D) SL° G i
peATCcB6I

g€ suop3zrsod £1ao0d 2 5 303IBOD)TL L mmoolmn__m

(9) o
0T 3 BUOJLY 1 (xe1duco)QT°* L MHUDQ =4
(a) £(s) 9 (3eT8urs) €01 €apo—o=u

I

(8) O

0TgBILOIY 9 (xeTdwoo)gz° .

(p) £(2) 2 £(PBOIq)0E" S HO~CHO=,¥

(q) (e)
(a) S*¢€ —-p°o 2 (aeTqnop) sl 1 CSHG H=,4
(%) 5'¢ —a’s 2 (3eTanop) g i HO—CHO=Y

i} (p) (2)

0°€ — Bjeu
(e)ff uorarsod §°9 — oOyYzJIo 4 w(383I80B)6/L" L

0T34 BUOIY g (xe1dwo2)g0° L H=,44
qQuUeWuBS TSy A.w.Q.OVMMh susFoaply SWIL WodJ—(°*W°*d°d) JUOATOS quen
Jo aequmny 3JTUS TEOTWOUD —313sqng

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



115

m":m
oTqBUOLY 9 (xerdmos) 0ty L OSHQ monwmwn~m
(8) 2 (3eT3utrs)gl 1 monwnm
0
H=,44
(8) T (a8¢3urs)gl 0t OSHa mlmu.m
(8) O
0T 3 3WOIY 9 (xsTdwoo2)9tj* ) wolww&
0
0T g BWOIY Z (xetdwod)zz* L =, 4
2
p) f(q 2 (pBOIq) /T g OSHT HO— HO=;Y4
(o) =) (p) (9)
Crn=
°) *(s8) T (2613uts) 99" HO—“HO=Y4
o)A (qa) (®)
g*2 — Bj8W
1€°€ EUOT3TEOd §°9 — OY3Io 2 mﬁmeAm:@vNa.m =4
AN (xe1dwoo))6°9 mﬁoom H=,4
JUuewuIyT sy (*s+d-o)HHp susSoapiy SHI woaJ—(°*KH°d°d) AUBATOg quen
Jo Jequny —3138qng

1JTUS TBOTWeYD

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



116

0°2 — 336w
61 FUOT3TSOd  G*Q — OY3ZJo 2 4(303280D)69° L €100a H=34
OT3BUWDIY 9 (xeTdwoo)gty® ), H=
H=4y4d
OT3BUWOLY (xepdwoo) Qe L OSHa molwu.m
0
HO—D=4
I
0
G°¢ — BgOW
(P)f€ uotTaTsOd  G°9 — OYIIO ki 5(303I80D)69° L
oTgBWOAY 1 (xetdwo2) LT° L =, 4
(2) S*€ — qfo U (36Tanop) €11 t100a mmolmmo..onm
(8) (a) o
(a) §'9 ~ 8°q 1 (303a80d) G2° N lmmonmzuw
(o) (P) ©
() §°9 — q‘e 9 (3e1dTa3)ee 1 =4=Y4
JuUewUITES Y A.m.a.ovmmb sue3oapay mZHp%MMMIMMMWMMMW 1I6ATOS I&prMMM

JOo Jequiny

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



117

Sut33Tids eury wirtM ‘g

€

epIXo

() “(u) 2 (3915utTs)00° TT | H=44

9T 3 8UOLY 1 (xeTawo2)92"Q OSHd MOlmu.m
(a) o

L€ suoTgrsod §°L — ougzdo 2 (2e1d1a3)c9° L molmum
(8) 0

epIXo

m":m

= ra sve s mm —{ ®*TT* T°* v pﬂopﬂom D..ﬁmmﬂ.—

UBWUITHS (*s*d*o Iy sueIoaphy SHI Wodg—(°*W*d*d _
* RV ) Jo asequmi 3JTUus TeBotTwsy) —-31%T3Isqng

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



118

SUMMARY

A method of synthesis of actinomycin analogs was
developed in which the heterocyoclic system of the natural
antlblotic was substituted by the commercilally available,
tricyclic, and blologically-active ring system of phenoxa-—
thiin (L). In order to sccomplish the synthesis of analogs
of the heterocaroyl portion of actinomycin, the systhesis of
l, 6~phenoxathiindicarboxylic acid (LXVIIa) was raequired.
Metalation reactions on phenoxathiin (L) with n-butyllithium
(XLI) varying not only the relative molar ratio of reactants,
but also the temperature of the reaction were found to give
low yields of l,6—~phenoxathiindicarboxylic acid (LXVIIa).

A better procedure was therefore sought to obtain the
desired dicarboxylic acid, LXVIIa.

A satisfactory synthesis of LXVIIa was found using
as an intermedlate the product of monometalation and car—
boxylation of phenoxathiin (L), 4~phenoxathiincarboxylic acid
(LTI). The acid, LII, was reduced to L—hydroxymethylphenox—
athiin (LXX) with lithium aluminun hydride. The alcohol,
LXX, was metaleted with n~butyllithium (XLI) and carboxylated
to give L-hydroxymethyl—b~phenoxathiincarboxylic acid (LXXI).
Oxldatlon of LXXT with nitric acid to l,6—phenoxathiindicar—
boxylic acid-10-oxide (LXXXV) followed by reduction with

hydriodic acid readily gave the desired l,6—~phenoxathiindi-
carboxylic acid (LXVIIa).
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The accomplishment of the desired synthesls of
phenoxathiin analogs of actinomycin produced several addi-
tional small problems for investigation. (1) Oxidation
reactions on l~hydroxymethylphenoxathiin (LXX) and Y-
hydroxymethyl—6—phenoxathiincarboxylic acid (LXXI) proved
to be unusual and werse investigated. (2) l,L4'-Diphenoxa—
thiinyl ketone (LVI) was found to be formed in the metalation
of phenoxathiin (L), and its structure and mode of formation
were 1lnvestigated.

Due mainly to.the avallability of the compounds,
several additional syntheses were attempted. (1) The
synthesis of & cyclic adduct from the reaction of lL,6-
phenoxathiindicarboxylic acid chloride (LXXXVI) and o—
phenylenediamine (XCV) was examined. (2) The asymmetric
oxidation of dimethyl 1,6-phenoxathiindicarboxylate
(LXVIIIb) ﬁo the corresponding sulfoxide was attempted.

(3) The metalation of phenoxathilin—l10—oxide (XCVII) was
Investligated as a method of preparation of l—phenoxathiin-
carboxylic scid (XCVII). «

The nuclear magnetlic resonance spectra of the
phenoxathiin derivatives were determined. These spectra
appesared to indicate information about the rotational con-
formations of the ketone LVI and suggest differences in the
hydrogen bonding.of l,6—dlhydroxymethylphenoxathlin (LXXII)
and 1,6—dihydroxymethylphenoxathiin (LXXII).
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